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SUMMARY

The objectives of Task 2 were the development, evaluation and ranking
of processes for the desensitization of explosive-laden lagoon sediments.

Processes were developed by matching desensitization concepts with

representative lagoon scenarios and schemes for contacting the sediments

with desensitizing agents. Chemical, biological and thermal processes were

evaluated by comparison with each other and with incineration, the baseline

process. The evaluations were based upon the attainment of performance

measures which included: flexibility, degree of desensitization,

implementation time, complexity, risk acceptability, state-of-the-art, cost

and disposability. Processes were then rank-ordered and recommended for

experimental development upon the basis of the evaluation.

Seven basic concepts and their representative processes were evaluated
and ranked during the study: (1) chemical reduction; (2) complexing-

hydrolysis; (3) alkaline digestion; (4) qamma irradiation; (5) aerobic

biological treatment; (6) anaerobic biological treatment; and (7) wet-air

oxidation. In addition ultraviolet irradiation, oxidation, detonation,

open burning, thermal decomposition, composting and surfactant-oil

complexing were evaluated to a lesser extent.

Gamma irradiation, chemical reduction, complexing-hydrolysis and

alkaline digestion were consistently ranked higher than incineration, the

baseline process. The biological alternatives cou!.d not be reasonably
evaluated due to the limited amount of kinetic data available.

Accordingly, it is recommended that bench-scale s :udies be performed to
further the enqineerinq development of processes for chemical reduction,

gamma irradiation and .naerobic and aerobic biological waste treatment.
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CHAPTER I

INTRODUCTION

Soils and sediments contaminated with explosives are present in old

wastewater lagoons at many government installations. These are a legacy

from past operations involving the manufi. ::.ure, load, assembly and pack

processing of these compounds and the demilitarization of ammunition. The

reactivity of the contaminated soils and sediments mandates that

desensitization technology be developed for safety, environmental and

economic reasons.

Desensitization is a form of primary treatment essential to the

implementation of any program for the remediation of groundwater con-

tamination and ultimate closure of these lagoons. The steps necessary to

accomplish desensitization include the retrieval of the sediments or

otherwise gainipg access to the explosives and the chemical, biological or

thermal processing by which desensitization takes place. The terms

"initial materials handling" and "secondary materials handling" are used in

this report to define the first handling of the raw material and the

subsequent handling steps prior to completion of desensitization. The end

result of desensitization is the generation of liquid effluents, side-

streams and/or residual solids; any of these may be toxic in nature a3 well

as unacceptable for discharge or disposal without further treatment because

of organic, solids or nitrogen content, pH, or some other characteristic.

The present report addresses desensitization as its central theme.

Chemical, biological and thermal processes for desensitization are compared

with incineration; the latter as a baseline system. The treatment of

liquid effluents, sidestreams and residual solids from a desensitization

process is called "post-desensitization treatment" in this report.

Post-desensitization treatment is addressed herein only as coincidental to

the desensitization effort. As a further matter of definition,

desensitization and Post-Desensitization Treatment are only two of the

elements of an Installation Restoration system; the others include measures

9



such as containment, secure landfill disl-osal of residual solids and

permanent closure of the site.

OBJECTIVES

The general objectives of this task are to:

"o Develop concepts for the desensitization of lagoon soils and

sediments that can render them amenable for safe disposal, or for

further treatment without hazard of explosion.

"o Evaluate the concepts by comparison and then rank-order them.

"O Recommend concepts to be studied experimentally for purposes of

determining which have immediate application and which should be

brought forward to the field demonstration stage.

The specific objectives are as follows:

"o Conduct a literature search to identify existing treat7nent

technology and concepts for desensitizing the explosives TNT, RDX,

HMX and nitrocellulose.

"o Review existing installation survey data and conduct interviews

with USATHAMA personnel to develop background information.

"o Develop a basis for classification and categorization of the

desensitization problems.

"o Provide recommendations for treatment criteria.

"o Characterize all identified desensitization concepts.

"o Identify those concepts that should be considered for laboratory

evaluation.

ORGANIZATION

This report is organized into three volumes, of which this is Volume

One. This volume is the Technical Report and contains an analysis of each

identified technology and the development and evaluation of alternatives

for desensitization. Volume Two contains the Appendices, which are

comprised of the desiqn an,' cost analyses, while Volume Three is the

bibliography.

-- 10



CHAPTER 2

APPROACH

PROBLEM SETTING

The task of desensitizing soils and sedimentsfrom lagoons is com-

pounded by the relative uniqueness of each of the three to four hundred

lagoons in existence in the United States. The number, size and

characteristics of the lagoons vary from site to site. Depending upon the

history and variety of processing operations at a specific site, lagoons

were either dedicated for the treatment of one waste stream or of the

wastes from several processes. The concentrations and types of explosives

present vary from one location to the next; in some cases only

nitrocellulose or TNT are present, but in other cases TNT, RDX, HMX and

other explosives or propellants are contained in the sediment. Wastes and

byproducts from explosives processing or other operations such as isomers

of TNT to heavy metals (mercury, cadmium, lead, etc.) and phthalates (used

to gelatinize nitrocellulose) can also be present. The wastewater

discharges to the lagoons may have been continuous or intermittent and from

either one or a combination of several processes. The operational history

of a lagoon will affect the concentration gradient of explosives in the

sediments.

The physical factors characterizing a lagoon, such as underlying

soils, type of liner, water table elevation and side and bottom permea-

bility, also vary widely. In most cases, these characteristics are unique

for each and every lagoon. The depth to the water table below the lagoon

is also an important and variable characteristic. The potential presence

of unexploded ordnance (UXO) and pieces of tramp metal requires that a

careful survey of each lagoon be performed to confirm the situation. Once

identified, UXO's must be removed by Army Explosive Ordnance Disposal

(EOD) Personal. Compounding these circumstances are the lack of precedents

and safety procedures for the handling and treatment of explo-

sives-contaminated sediments and the absence of a workable definition of

what "desensitization" means. This situation mandated that a broad and

relatively unconstrained examination be made of technologies that would

plausibly apply to the desensitization problem.
ii



CHARACTERISTICS OF EXPLOSIVES

A summary of the characteristics of the common explosives is

presented in Table 1 and their chemical structures are illustrated in

Figure 1; TNT, RDX, HMX and NC (nitrocellulose) are of specific interest

herein. The common characteristics of these four explosives are that they

are significantly more dense than water and vary from slightly soluble to

insoluble in water. These properties become uniquely important to the

development of desensitization concepts as evidenced in CTapter 3.

CONCEPT DEVELOPMENT

A generalized model for the selection of alternative concepts for

desensitization is presented in Figure 2. The concept development is

initiated by matching the characteristics of the lagoon with the basic

desensitization concepts available and identifying the feasible thermal,

chemical, and/or biological processes to be considered. The next step is

the identification of all feasible contacting methods for each identified

process. Once the contacting process combinations are identified,

preferred initial materials handling methods are selected for contacting of

the explosive in the desensitizing process. At this point, any desired

method for process enhancement (e.g., heat) is introduced. The water

control measures necessary for implementation of the selected initial

materials handling methods are then identified; construction of dikes,

drainage of the lagoon, etc. Each initial materials handling method can

support a number of basic desensitization and post-desensitization

treatment systems. Consequently, it is necessary to assess these in

relation to the attainment of selected performance measures so that the

feasible alternatives can be defined and rank-ordered.

The critical elements of the concept development process are the

classification of the sites, the types of desensitization processes

available, the feasible contacting methods and suitable performance

measures. Each is described briefly below and developed further in

subsequent chapters.

12
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CLASSIFICATIOM OF SITES

The initial materials handling activity prior to desensitization is

determined primarily by the characteristics of the lagoon. Due to the

diversity of lagoon characteristics, a number of materials handling

activities must he considered, and few if any will he feasible for all

lagoons. Tt is first necessary to identify those characteristics which

determine the feasibility of an initial materials handling activity, i.e.,

how the materials will be handled for the first time.

The proposed concept is the classification of each site to the

greatest extent possible in terms of the following characteristics:

0 Number of lagoons at site

0 Size and volume of lagoons

0 Presence of standing water

0 Lagoon liner, if any

0 Soil type and depth

0 Depth to water table

0 Fxplosives and propellants present

0 Concentration of explosives and propellants

0 Moisture content of sediment

0 D-oth of contamination

0 Presence of toxic metals (and other toxic substances)

0 Availability of a process wastewater treatment plant and other

stirport services

0 Presence of unpxploded ordnance (UXO) and tramp metal

0 Permeability of the banks and the hottom of the lagoon

The characterization of all sites is not feasible at this time due to

the high costs involved. Howpver, a certain anount of information is

available from previons cmaracterizations. This information is summarized

in "Lagoon Characteritization Data," (FSE, 1982). The principdl

observations to he made from the summary are as follows:

0 The majority of the sites contain more than one lagoon

16
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"o Clay is the predominate soil type

"o About half the lagoons are dry and half contail standing water

"o The majority of the lagoons for which data are available contain

TNT

" The explosive content of the sediment is less than one percent in

the majority of the lagoons for which data are available

"o A wastewater treatment plant is located on a majority of the

sites

CONVERSION PROCESSES

Each desensitization concept or alternative is based upon a

conversion process. Conversion processes are defined as those chemical,

biological, or thermal transformations in which desensitization occurs. A

feasible conversion process must be selected prior to the development of an

alternative. Not all conversion processes are universally applicable;

therefore, the initial selection must be based upon the type(s) of

explosives present in the sediment and other information to be obtained

from the lagoon characterization data. Treatability assays would possibly

be conducted to test the feasibility of a preferred conversion process and

develop the criteria needed to specify it. Examples of these criteria are

chemical requirements, reaction conditions, detention times and catalyst

concentrations.

CONTACTING METHODS

A method of contacting lagoon sediments with the active agents in a

conversion process must also be selected prior to the development of an

alternative. Three contacting schemes are proposed for desensitization.

These are designated as insitu solid phase (solid phase in the lagoon);

insitu liquid phase (liquid/lagoon) and liquid phase as a sidestream in an

adjacent reaction vessel (liquid/sidestream).

Solid phase contacting is proposed as a means to attain the insitu

treatment of the undisturbed sediment by permeation of liquid or gaseous

reagents through the sediments to promote contact with the explosives.

There is no mixing, dilution or excavation of the sediment. The solid

17



phase contacting is confined to chemical injection techniques. It is

essential that the sediments have been deposited within a lined lagoon or

be underlain by an impermeable soil strata, otherwise the chemicals may

contaminate underlying groundwater.

The major advantages of solid phase contacting are:

"o Minimizes handling and safety problems

"o Accommodates long retention times (repeated passes)

"o Supports the insitu stabilization of sediments and closure of the

lagoon

The major disadvantages of solid phase contacting are:

"o Applicable only for permeable sediments in which there is a

relatively uniform distribution of explosives

"o Applicable only for chemical injection techniques

"o Limited to ambient temperature

"o The end products or the reagents themselves may be toxic or

catalyze the release of toxic compounds

"o Excess reactant concentrations are required to minimize the risk

of inadequate or incomplete conversion

Liquid phase contacting in the lagoon involves the insitu resuspen-

sion, dilution and reaction of the lagoon sediment. There is assumed to be

no removal of sediment from the lagoon until after desensitization is

achieved, such that the lagoon is operated analogously to a batch reactor.

Liquid/lagoon contacting is applicable for some of the chemical and

biological conversion processes.

The advantages of liquid/lagoon contacting are:

"o Minimizes handling and safety problems (although more handling is

required than for solid phase contacting)

"o Accommodates long retention times

"o Supports insitu stabilization of sediments and closure of the

lagoon

"o Permits good contacting of sediments with desensitizing agents

18



The disadvantages of liquid/lagoon contacting are:

"o Expansion of lagoon volume and dilution of the sediments may be

required, with attendant need to eletvate berms and containment

dikes

"o Limited to ambient temperature

"o The end products or the reagents themselves may be toxic or

catalyze the release of toxic compounds

Liquid phase contacting as a sidestream in an adjacent basin may or

may not require extensive dilution of the sediments after resuspension, the

primary requirement being that the sediment can be hydraulically excavated

and transferred from the lagoon to a holding tank or reaction vessel prior

to the desensitization treatment. When a holding tank is used, the

sediment can be transferred from the holding tank for treatment on a

continuous-flow process alternately, the sediment can be treated batchwise

in sequenced batch reactors.

The advantages of liquid/sidestream contacting are:

"o Facilitates the separation and concentration of solids as well as

the chemical or biological conversion

"o Permits better process control and continuous-flow operation

"o Allows the reaction temperature to be adjusted

"o Permits good contacting of sediments with desensitizing agents

"o Is applicable for all conversion processes

The disadvantages of liquid/sidestream contacting are:

"o Limited to shorter retention times

"o Requires more handling of the sediments, thereby increasing

handling and safety requirements

"o Maximizes equipment requirements

"o Increases the complexity of the desensitization system

(maintenance and operating requirements)

19



PERFORMANCE MEASURES

Performance measures are used to evaluate the feasible alternatives

objectively and subjectively as to preference for the lagoon being treated.

If necessary, these factors can be weighted at any one site to emphasize a

desirable situation. An example of such a situation would be the

compatibility of the desensitization facility with an existing facility for

the treatment of the liquid effluent. Alternatives can be rated by

comparison for a high, moderate, or low impact on each performance measure

unless numerical measures are appropriate. The performance measures used

to compare alternatives in this report are flexibility, degree of

desensitization, implementation time, complexity, risk acceptability,

state-of-the-art, cost and disposability. Definitions of these specific

measures, selected for purposes of this report only, are presented below.

Flexibility

This parameter indicates the suitability of the alternative for

treating the various explosives present in the sediment. A high rating

indicates that the alternative is applicable to all explosives.

Degree of Desensitization

Although acceptable levels are yet to be defined, the degree of

desensitization achieved is related to either the technology or the

threshold at which risk is acceptable, whichever is greater. An increasing

degree of desensitization is indicated (subsequently, in Chapter 6) by a

higher rating.

Implementation Time

This measure evaluates the overall time requirement for the

implementation of the alternative. Implementation time is equal to the sum

of mobilization, processing, and demobilization time. A rating of high

is indicative of a mobile and time-efficient alternative.

20



Complexity

Complexity is a subjective measure related to operating and

maintenance requirements. A high rating is indicative that a large amount

of downtime is expected, and high operator skill and maintenance are

required.

Risk Acceptability

This is an aggregate measure of the safety hazards to personnel at

each step, cumulated through the alternative. Examples of safety hazards

are radiation exposure, flash point, toxic fumes and reactivity. A low

rating is indicative of a minimum amount of safety hazards.

State-of-the-Art

This is a measure of the development status of the alternative.

Existing on-line technology with a record of satisfactory performance is

indicated by a high rating; technology that has only a theoretical basis or

has been demonstrated by only a few laboratoiry studies is given a low

rating.

Cost

The estimated capital and operating costs for each alternative are

rated by comparison.

Disposability

Disposability is an objective measure of the environhiental risk and

impact of products and byproducts of desensitization. rhe form, toxicity

and mobility of the compounds produced are taken into consideration. A

disposability rating of high indicates that the products and byproducts of

desensitization are expected to have a minimal environmental impact.
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SAFETY REQUIREMENTS

Safety planning addresses issues necessary to protect people and

equipment during handling, processing, and disposal operations. Although

safety is an integral element of the approach to desensitization, at the

conceptual level it was only possible to assume that appropriate measures

can be implemented without limiting the feasibility of any proposed

approach. The true dimensions of safety requirements cannot be envisioned

until a more detailed approach including laboratory and pilot scale

operations is developed.
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CHAPTER 3

DESENSITIZATION TECHNOLOGY

The essential elements of desensitization technology are divided into

the following categories: initial materials handling, secondary materials

handling, conversion processes, and separation processes. Initial

materials handling is defined as the series of steps or operations needed

to initiate the desensitization process. Secondary materials handling

includes the storage, transfer and blending operations necessary to prepare

the sediment for desensitization. Conversion processes are those chemical,

thermal or biological transformations in which desensitization occurs.

Separation processes are used to divide materials into their solid and

liquid fractions and can be used with lagoon sediment and the products or

byproducts of desensitization.

The elements of technology identified in the literature search were

reviewed and evaluated for applicability as unit operations and processes

for desensitization. Major emphasis was placed upon the conversion

processes. Bphasis was also placed upon initial materials handling

because this is an essential part of any desensitization concept.

Secondary materials handling operations are essentially ancillary in nature

and were not evaluated. Separation processes are described by class only

as this technology is applied primarily to desensitized material.

INITIAL MATERIALS HANDLING

Three classes of technologies were considered for initial materials

handling: injection/recovery, hydraulic resuspension and hydraulic

excavation. One or more of these technologies will be required for each

alternative. All technologies will require developmental work since none

are proven for this application.

Injection/Recovery

Injection/recovery has as its prototype the technology of solution
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leaching, a process in which chemical solutions are injected below the

surface into an iore body, circulated and then recovered at the surface.

Ore, solubilized during this process, is extracted from the solution.

Solution leaching is a relatively new process currently under development

by the U.S. Bureau of Mines. Approximately 25 uranium mining and four

copper mining pilot projects were reported for solution leaching as of 1979

(Kasper, et al, 1979). Technology for this process is still in the

developmental stage.

The suitability of a site for solution mining is determined by the

characteristics of the ore body and hydrologic considerations. Preliminary

studies are conducted to determine the geometry and extent of the ore body,

The porosity, permeability, hydraulic gradient and natural groundwater

movement of the ore zone are also determined. The data obtained from the

hydrologic survey are used to develop an injection-extraction well layout.

An appropriate well layout is required for uniform solution distribution

and containment;ý a typical pattern consists of injection and recovery wells

installed at spacings varying from 25-100 feet. The production wells are

surrounded by a ring of monitoring wells to ensure protection of the

aquifer. If traces of the leaching solution are detected in a monitor

well, the rate of recovery can be increased or the rate of injection

decreased to control the distribution pattern.

A vertical cross-section of a typical solution leaching layout is

shown in Figure 3. The well points can be driven into the sediments by

hydraulic jet. Polyvinyl chloride (PVC) pipe is normally used for casing.

The above-ground equipment consists of an injection pump, a storage/mixing

tank for chemicals and a pipe network for connecting the well points to the

processing plant.

Applicability to Lagoon Sediment

The deep well insitu mining technique is not dirfctly applicable to

treatment of lagoon sediments because of their proximnity to the surface and

relatively shallow depth. High riess;re 15C0 psi) cannot, -used for well

development or chemical injection because "blowouts" wodld occur in the
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immediate vicinity of each well point. Therefore, a modification to the

insitu mining technique is proposed for lagoon sediments. The alternative,

shown in Figure 4, consists of the installation of a well point system with

alternate injection/withdraw points oriented in rows. To preclude the

release of materials from the vicinity of the lagoon, all outer well points

are used for withdrawal. It is anticipated that this system would be used

in combination with surface flooding and that well points could be

installed hydraulically from a floating platform. Alternatively, a

distribution piping system could be placed on the lagoon bottom to

facilitate chemical injection. The system could be installed in narrow

channels in the sediment.

Factors affecting the feasibility of these techniques are sediment

permeability, distribution of explosives, depth of sediments, underlying

geology and the degree of desensitization required. Saturated flow

conditions must be achieved for this approach to be feasible; unsaturated

flow (sandbeds) would result in poor distribution (short circuiting). An

ideal lagoon for this approach would consist of a uniformly distributed

permeable sediment developed over aa impermeable lagoon bottom (natural

clay or liner). The potential problems with this approach include the

precautions needed to install the well points in shallow sediments so as to

not disturb the underlying impermeable layer, and the development of a

sufficient hydraulic gradient through the sediment.

Injection/recovery techniques should minimize materials handling and

safety requirements by eliminating the need to excavate or resuspend lagoon

sediments. In addition, this technology would be advantageous if insitu

stabilization and lagoon closure are the preferred approach to remediation.

Cost Factors

The major costs for this technology are incurred for the installation

of well points and the injection/recovery pumping system. The actual cost

would be dependent upon the number of well points and volume of pumping,

piping, solution holding/mixing tanks and utilities required which in turn

would be dependent upon the lagoon characteristics.
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Environmental Impact

The primary environmental concern would be the potential for migration

of the desensitizing solution, the products or the byproducts to the

surrounding groundwater. Monitoring wells would have to be used to detect

any releases. The total system should be designed for maximum recovery and

reuse of desensitizing solution either at the same or another site.

Hydraulic Resuspension/Excavation

Hydraulic resuspension/excavation techniques are considered together

for discussion purposes due to the similarity of the operations and

equipment involved. Hydraulic resuspension techniques are used to slurry

the lagoon sediment. Progressively increasing portions of the lagoon can

be placed and maintained in suspension until the entire lagoon is

resuspended or portions of the lagoon may be taken out of suspension as

other portions are suspended. Excavation techniques are used to remove

sediment from the lagoon; excavated with or without much-dilution and

resuspension. Two existing technologies are proposed for suspension/ex-

cavation: borehole slurrying and dredging.

Hydraulic Borehole Slurrying

The hydraulic borehole slurrying technique, illustrated in Figure 5,

has recently been proposed and demonstrated for insitu mining. The first

step consists of drilling a borehole into the ore zone. Ore is then

slurried by a rotating water-jet cutting device lowered into the borehole,

and the slurry is returned to -he surface by a submersible pump.

Solubilized ore is then extracted from the recovered slurry (Kasper, et

al, 1979).

The water jet device is containei within an assembly which is lowered

into the borehole. The cutting jet is at the end of a rigid service column

which contains the necessary piping for pressurized water transfer and

slurry recovery. The lower section of the assembly contains the submer-

sible slurry pump. The above-ground equipment includes pumps, tanks and

separators.
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FIGURE 5. SCHEMATIC DIAGRAM OF THE HYDRAULIC BOREHOLE SLURRY

MINING TECHNIQUE (KASPER, at al. 1979)
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Dredging

Dredging is a widely utilized procedure for the underwater excavation

of material. Specialized dredges are available for the various types of

materials (sand to hard rock) and operations (depth and extent of area)

encountered. Suction dredges are the most widely used type. The size of

the dredge is determined by the amount and type of material to be moved and

the desired production rate. A cutter head may also be required when the

material requires loosening or fracturing.

A horizontal auger dredge, manufactured by the Mudcat Division of

National Car Rental, has been demonstrated to be effective for the removal

of hazardous material from pond bottoms. During an EPA-sponsored study

(Nawrocki, 1976), four different simulated hazardous materials (very fine

iron powder, fine glass beads, iron filings, and coal) were placed on the

pond bottom. These materials were then removed by the Mudcat dredge.

Subsequent testing determined that the removal efficiency of the dredge was

an average of 99.3 percent for all four materials. An additional test

using an actual hazardous material, latex paint, was conducted, during

which the dredge removed 95.5 percent of the paint pigment.

Mudcat was contacted for information on the horizontal auger dredge.

The Mudcat Model SP-810, shown schematically in Figure 6, was recommended

for this application. This dredge is designed for processing materials

having a high solids concentration and includes a hydraulically driven

submersible pump mounted on the end of a boom directly behind the auger.

The dredge must be lowered into the lagoon by crane. Dredge movement,

illustrated in Figure 7, is controlled precisely by means of a cable

winching arrangement. During processing, the dredge operator winches back

and forth on a fixed-traverse cable dead-manned on both ends of the lagoon.

The dredge also contains a calibrated mechanical depth gauge enabling the

operator to know the exact vertical position of the auger below the lagoon

surface level. Once the desired depth is reached, the boom is raised and

both ends of the traverse cable are moved equal distances and repositioned

parallel to the previous cut. A one-foot overlap is normally maintained.

Excavated material can be returned directly to the lagoon or discharged to

shore via a floating pipeline.
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The auger assembly utilizes cutte. knives to dislodge solid material

and a spiral auger to drive the material into the pump. An optional auger

cage assembly (Figure 8) is available for operation in a lined lagoon. The

horizontal bars of the cage assembly prevent the auger from coming into

contact with the lagoon liner. Hydraulic cutting jets can also be attached

to the auger assembly. The principal controls for the dredge are operated

hydraulically from the dredge cabin. Remote control operation is feasible;

for example, three radio-controlled dredges have been ordered by the U.S.

Steel Corporation (Shenman, 1982).

Applicability to Lagoon Sediment

Dredging is a proven technology for the excavation of lagoon sediment.

Only small equipment and operating modifications are anticipated for this

application. If it is feasible to adjust the water level in a lagoon above

the surface of the sediments, the necessary volume of water would be added

to the lagoon prior to dredging. The dredge would then be lowered into the

lagoon and operated using the cable-winching arrangement for control of

movement. An auger cage and hydraulic jets may be required to minimize the

possibility of damage from tramp metals and large objects, and to prevent

liner damage. Safety considerations may also warrant the additional costs

of equipping the dredge for remote-controlled operation and/or metal

detection.

The solids content of the dredged suspension will be dictated by the

characteristics of the lagoon and the proposed conversion process. For

some conversion processes it will be advantageous to excavate the sediment

with minimal dilution. The maximum allowable solids concentration for

hydraulic excavation will be determined by the characteristics of the

sediments. A minimum of 21 inches of water must be available to float the

dredge. If necessary a narrow operating channel can be cut into the lagoon

and filled with water to allow initial dredging. Additional water can then

be added as the hydraulic jets cut into the sediment.

Borehole slurrying techniques can be adapted for hydraulic contacting

of lagoon sediment with desensitizing solutions. In such a case the
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FIGURE 8. AUGER CAGE ASSEMBLY (MUOCAT, 1982)
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hydraulic cutting jets would have to be mounted for both transverse and

vertical movement across and within the lagoon. A desensitizing solution

would be used to slurry and suspend the sediments for contacting purposes.

The suspension would not be maintained, but rather allowed to resettle as

the cutting jet assembly is moved to a new position. This "localized

fluidized bed" effect would allow intimate contacting between the sediment

and desensitizing solution without the need to maintain the entire sediment

inventory in suspension. Unreacted desensitizing solution would be reused

as the cutting jet assembly is moved. As with the dredging operation, a

cable-winch arrangement would be used to control the movement of the

cutting jet assembly.

Both the modified dredging and slurrying techniques appear feasible

for treatment of lagoon sediments. These techniques are intended to

illustrate the types of material handling techniques that appear to be

feasible, although both may require modification and development.

Cost Factors

The cost of hydraulic resuspension/excavation by either process would

again be site-specific. The processing rate is dependent upon the degree

of dilution or solids concentration, lagoon shape (maneuvering

requirements) and size and depth of contamination.

The primary costs for hydraulic slurrying are associated with the

water jet cutting assembly, pump systems and holding tanks, piping and

utilities. The major cost for the dredging system will be for the rental

or purchase of the dredge package (including the dredge, piping,

cable-winch and harness), crane rental and diesel fuel.

Environmental Impact

The major environmental impact of hydraulic resuspension/excavation

will be with respect to the groundwater. The lagoon bottom must be

impermeable, and monitoring wells should be installed to detect the release

of any chemicals.
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SECONDARY MATERIALS HANDLING

Secondary materials handling pertains to the storage, transfer and

blending -perations necessary to prepare the sediment for desensitization.

Typical secondary materials handling operations are maintaining lagoon

sediments in suspension, slurry transfer, slurry dilution, solids transfers

and slurry holding. The reactivity of the sediment will also necessitate

the development of safety procedures for secondary materials handling

operations.

SEPARATION PROCESSES

Solid-liquid separation is expected to be an optional or required

process for most desensitization alternatives. Gravity sedimentation is

expected to be used most commonly and specialized gravity systems such as

hydraulic classifiers may be cost-effective in some alternatives (e.g.,

incineration). Processes such as dissolved air flotation; filtration and

centrifugation may also be required in a treatment train. The

characteristics of the suspension will be a primary determinant of the type

of separator selected. The added cost of an easily transportable process

may offset any additional capital costs of that process. Also, the

reactivity of the material being processed will also determine the choice

of equipment.

Separation processes such as ion-exchange and carbon adsorption may

also be required for concentration and recovery/disposal of unreacted

chemicals or toxic substances. The selection of these processes is subject

to the same considerations as the solid-liquid separation processes and

selections should not be made until lagoon characterization and

laboratory/pilot treatability studies have been performed for the selected

alternatives.

CHE24ICAL CONVERSION PROCESSES

/

I' The chemical reactions for desensitization of explosives can be

classified as radiative, reduction, oxidation, complexing, hydrolysis and

35

N{



decomposition. Conversion processes within each category were evaluated

for their adaptability for the treatment of lagoon sediments based upon a

review of the literature. Several processes were identified for further

consideration: chemical reduction, gamma irradiation, surfactant

complexing, hydrolysis and alkaline digestion. Of these, surfactant

complexing and hydrolysis were considered as a single treatment process due

to the similarity of reaction conditions and synergistic effects. These

processes and their applicability to desensitization are described later in

this section.

The literature was also reviewed on the use of hypochlorites, acids

and several proprietary decontamination solutions for desensitization by

oxidation. A large portion of the literature was concerned with

decontamination to eliminate trace amounts of explosives. Studies

performed using hypochlorites (sodium or calcium) were primarily concerned

with color removal. The large dosages, high free chlorine residuals

reported and corrosive properties of hypochlorites combine to make

desensitization by chlorination unattractive (Edwards and Ingram, 1955;

Stuart, et al, 1943). The use of proprietary decontamination solutions,

hypochlorite or carbonate is undocumented for the desensitization

application and would most likely not be cost-effective. In addition,

sodium carbonate is reported to react with TNT forming a compound that is

as sensitive to heat and impact as is tetryl (Army Technical Manual, 1967).

TNT like other nitro aromatic compounds is resistant to oxidation by acids.

Only concentrated acids at elevated temperatures (110-2000C) can oxidize

TNT (Urbanski, 1964).

Little information is available on the oxidation of explosives by

peroxides and peroxide systems. However, the use of Fenton's reagent which

is a mixture of aqueous ferrous sulfate and hydrogen peroxide, has been

reported to be effective in the oxidation of nitro aromatics (Urbanski,

1964). Although not evaluated in detail, this system will be further

described later in this chapter.)

In a study performed by General Electric it was found that ozonation

caused only a small reduction in the concentration of pure TNT in
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solutions. Ozonation experiments performed on single-component solutions

of RDX and HMX failed to reduce the concentrations of these explosives

(Jain, 1976). It was concluded that simple ozonation was "grossly

inadequate in removing any of the three materials." However, the

reactivity of each material to ozone was greatly enhanced by simultaneous

irradiation of the material with ultraviolet (UV) light (Jain, 1976). For

the reasons cited above, the oxidation reactions evaluated were judged

infeasible for desensitization.

The photochemical degradation of explosives .v UV irradiation has been

investigated by a number of researchers. The synergistic effect of UV

irradiatiou and oxidants (ozone, peroxides) is well documented (Jain,

1976; Andrews, 1980). Although this process has been used on a pilot scale

for the treatment of pink waters (Layne, et al, 1982), its applicability to

treatment of lagoon sediments is questionable. For photochemical

degradation to be effective, the light itself must reach the explosive

molecule. This is normally accomplished by placing the explosive in an

aqueous solution that contains little or no suspended solids. Due to the

low solubilities of the explosive compounds considered in this study (e.g.,

130 mg/l of TNT Q 20 0 C, and 76 mg/l of RDX @ 25°C), a tremendous volume of

dilution water would be required for each lagoon. The large volume of

dilution water could entail significant material handling costs and

necessitate large scale treatment units. In addition the presence of

sediments and other materials in solution would attenuate the light by

adsorption and scattering.

The desensitization of explosive-laden lagoon sediment by UV-oxidant

has been evaluated by the Atlantic Research Corporation (ARC) (Wentsel,

et al, 1981). The proposed process involved dilution of the sediment to

solubilize all explosives, the degradation of the explosives into

biologically treatable compounds and biological treatment. The estimated

capital and annual operating costs of this unproven technology were

$9,500,000 and $3,800,000 per year in 1981 dollars. These costs in

combination with the aforementioned problems make the feasibility of the

UV-oxidant process questionable.

38



Chemical Reduction

Explosives and propellants can be generally classified as oxidants.

The addition of reductants to these compounds can result in a chemical

reaction which converts the oxidants to a less sensitive form. TNT, RDX,

HMX, tetryl, nitroglycerin, nitroguandine, and nitrocellulose are

explosives and propellants which comprise a group of organic compounds

sharing in common the presence of one or several nitro groups. Nitro

groups in some explosives are reduced to amino groups by the substitution

of hydrogen for oxygen present in the group. The compound containing the

amino group is much less sensitive than is its original form. It may only

be necessary to convert one of several nitro groups present to accomplish

the desensitization of the compound. Nitro groups in other explosives are

not converted but, instead, are substituted by hydrogen. In this manner

the explosives are returned to their original compounds prior to nitration.

Hydrogen is supplied to the compound by a reducing agent or reductant. The

reductant can be acidic or alkaline, and added at ambient or elevated

temperature, in aqueous or non-aqueous solution, or in solid or gaseous

form.

Reductants can be broadly classified into inorganic and organic

compounds. The inorganic category includes the sulfur-containing com-

pounds; sodium sulfide, sodium bisulfide and sodium metabisulfide; and the

non-sulfur containing compounds; hydrazine and sodium borohydride. The

organic category includes the carboxylic acids (such as formic and oxalic

acids), the hydroxyl acids (such as citric anJ tartaric acids), glucose (a

reducing sugar) and gases (such as methane and carbon monoxide).

Reductants can be chosen so that only the elements contained in the

original explosive are present in the reductant; in this manner no new

pollutants are introduced into the material. This approach is particularly

useful when the final material is incinerated (Roth, 1978).

Theory

In order to evaluate the effectiveness of a reductant, it is first

necessary to underscand the oxidation-reduction reaction. Oxidation and
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reduction can be defined on the basis of change in oxidation number.

Oxidation is a process which results in an algebraic increase in the

oxidation number and reduction results in an algebraic decrease. The total

increase in oxidation nuer of one species must equal the total decrease

in the oxidation number of another species. The equivalent weight system

for oxidizing and reducing agents is based upon the change in oxidation

number. The equivalent weight of a compound functioning as an oxidizing or

reducing agent is defined as the molecular weight of the compound divided

by the total change in oxidation number of all atoms in one formula weight

of that compound. One-gram equivalent weight of an oxidizing compound

requires one-gram equivalent weight of a reducing coipound for complete

reaction. Therefore, the use of a reductant which contains a low

equivalent weight and/or several equivalent weights per mole is preferred

to the use of a reductant which has a high equivalent weight and/or only

one equivalent weight per mole.

The effectiveness of the reductant in this type of oxidation reaction

can also be evaluated from the standpoint of available hydrogen. In

general, the reductant releases hydrogen (directly or indirectly after

hydrolysis in water) and the oxidant accepts hydrogen. A reductant with

several available hydrogen atoms per mole is more effective than a

reductant with only one available hydrogen atom per mole.

The reduction of a nitro group to an intermediate nitroso group and

then to the final amino group is illustrated below:

Reductant

R- N 2  R - NO + R- 2+N

Reductant

R- NO -- R - NHOH

Reductant

R - NHOH 1- . R - NH 2

The final form of the reduced compound and the byproducts of the

reduction are dependent uron the reductant used, the reaction conditions

and the degree of desensitization achieved. Figure 9 is a summary of
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generalized reactions anticipated for the explosives and propellants using

sulfur-based reductants. The reactions illustrate the diversity of organic

byproducts and end products that can be expected. For example, nitro-

glycerin and nitrocellulose yield glycerol and cellulose respectively when

reduced while other explosives such as TNT, RDX and HMX yield products

containing amines.

Prior Experience

Several feasibility studies have been performed under contract to the

Army to identify appropriate reductants for desensitization (Roth, 1978;

Army ARDC, 1981). As a guidepost for this effort the Army defined as a

preferred reductant a compound that is: (1) composed of the same elements

as the explosive; (2) non-toxic; (3) highly soluble in aqueous solution and

(4) low in cost. Sodium sulfide, which is the reductant of choice for

laboratory use (Engineering Design Handbook, AMCP,706-177), was identified

as the standard reductant; however, it was not considered for large scale

use due to its undesirable odor and toxicity characteristics. The

feasibility testing was performed by adding dried samples of TNT or RDX to

aqueous solutions of reductants at varying concentrations. For the

conditions tested, hydrazine, citric acid, oxalic acid, formic acid,

ascorbic acid and tartaric acid were identified as t" st effective

reductants. These reductants were very successful foi eating TNT but

less so for RDX. As is predictable theoretically, the reductants with

several equivalent weights per mole (such as hydrazine and sodium sulfide)

were more effective than reductants containing only one equivalent weight

per mole (such as formic acid) when applied at the same molarity.

Based on test results, ascorbic acid was eliminated from consideration

due to its high cost, low solubility and questionable shelf life. A

further recommendation was that selection of the optimum treatment

conditions be delayed until more definitive data were developed for the

treatment of RDX.

A detailed test plan was proposed for this purpose but the tests were

_-----------v 7Zr.-pe±±Lrpur on

S- -- the reaction products or bypro ts.
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Hydrazine-hydrate was used to reduce nitroce lulose in laboratory

feasibility studies conducted at the Natick Research Laboratories (Bissett

and Levasseur, 1976). The study found that nitro groups bonded to the

cellulose could be removed without destroying the cellulose. A nearly

quantitative yield of cellulose was obtained as a precipitate when the

nitrocellulose was dissolved in tetrahydrofuran prior to being reacted with

hydrazine-hydrate. When the reaction was performed in the aqueous phase,

approximately 50 percent of the cellulose was retained in solution. It was

suggested that the hydrazine may become bonded to cellulose during an

aqueous phase reaction.

Applicability to Lagoon Sediments

Based upon prior experience, chemical reduction is a viable alternative

for desensitization of explosives contained in lagoon sediments. The

conversion processes in this category can be used. to treat all the

explosives and propellants expected in the lagoon sediments. Chemical

reduction is applicable to each of the three contacting methods;

solid-phase, liquid/lagoon and liquid/sidestream, as discussed earlier.

Reductant solutions (aqueous or organic) can be injected into the solid

phase, recovered and either recirculated directly or treated for disposal

or reuse. Reductant solutions can also be used as a medium for slurrying

the sediment or can be added in solid form to a slurry. Depending upon the

choice of reductant, direct reuse, neutralization or concentration/reuse of

the reductant may be appropriate.

The large variation in the characteristics of a lagoon allows

considerable latitude in the choice of reductants. For example, the use of

sodium sulfide may be feasible under highly controllable conditions.

Sodium sulfide is relatively inexpensive, highly effective and has been

used successfully to treat plating shop wastewaters. The use of hydrazine,

if practicable, is also desirable due to its low molecular weight and four

reducing equivalent weights per mole.

Desensitization alternatives using chemical reduction are flexible and

easily integrated into a treatment concept. Pretreatment by chemical
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reduction could result in the generation of a residual solids stream of

lower moisture content; advantageous in a system involving incineration.

Also, the toxic characteristics of reductants such as sodium sulfide and

hydrazine are less significant if incineration or stabilization is a final

treatment method. An insitu chemical reduction using a reductant in either

solid or liquid form would eliminate unnecessary materials handling

operations. In cases such as liquid-phase biological treatment after

desensitization, the added cost of a non-toxic reductant may be more than

offset by an overall savings in avoiding the later elimination of a toxic

affect.

Cost Factors

The equipment costs of these alternatives will vary with the selected

initial material handling and desensitization alternatives. The chemical

dosage requirements are a function of the type and concentrations of

explosive and of competing chemical demand if such is present. The degree

of desensitization required by the overall approach will also affect the

chemical requirements, i.e., more chemical reductant will be required for

99 as opposed to 90 percent desensitization. The choice of reductant

impacts upon both chemical and equipment costs; reductants such as sodium

sulfide require neutralization (e.g.,with hydrogen peroxide) prior to

discharge, but other reductants can be concentrated for recovery (e.g.,

oxalic acid by lime precipitation). The optimum dosage, operating

conditions and post treatment requirements will be site specific.

Environmental Impact

The environmental impact of the chemical reduction processes will

depend upon the choice of reductants, the reaction conditions and the type

and concentration of explosives and other compounds present in the

sediment. The use of sodium sulfide would require a closed mixing system,

a closed reactor and hydrogen sulfide gas monitors. Monitoring wells would

be necessary for any insitu contacting method.

Very little information is available on the reaction products and

byproducts for the chemical reduction of explosives. The limited amount of
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information is based upon reductions occurring with neat explosives in pure

reductant solutions. For example it is known that toxic amines are formed

from the reduction of nitroaromatics with sulfur-based compounds. However,

the effect of these reductants and any corresponding change in the

character of the slurry (e.g., its pH) on other compounds in the lagoon

sediment is undefined as are the types of reduction products and byproducts

from the reductants.

Complexing-Hydrolysis

Amino surfactants at alkaline pH have been found to precipitate TNT as

a water-insoluble complex. Although RDX, HMX and nitroglycerin are not

precipitated, the hydrolysis of these compounds is accelerated under

alkaline conditions by the surfactant. Studies have been performed with

these explosives in solutions and also of the insitu immobilization of TNT

with surfactants in contaminated soils. The mutagenicity, decomposition

and soil leaching properites of the TNT-surfactant complex have also been

investigated.

Theory

Two types of surfactants containing amino groups have been identified

as effective in the precipitation of TNT from solution. One of the

surfactants contains a primary amine as the polar group and the other a

quaternary amine. The TNT reacts with amine in aqueous solution to form

2,4,6 -Trinitrobenzyl anion (TNT). The TNT anion reacts with TNT to form

the Janovsky complex. The complex then reacts with the protonated

surfactant and is precipitated as a salt (Okamoto, et al, 1973).

The alkaline hydrolysis of RDX, HMX and nitroglycerin is greatly

accelerated by the presence of a cationic surfactant (Okamoto, et al,

1973). The increased rate is most likely due to the solubilization of the

explosive by the surfactant micelles (Freeman and Colitti, 1982). The rate

of hydrolysis of RDX was increased 75-fold while the rate of HMX hydrolysis

was increased 25-fold by the presence of the surfactant. The appropriate

reactions are shown in Figure 10 for TNT, RDX and nitrocellulose.
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FIGURE 10. COMPLEXING-HYDROLYSIS REACTIONS (FREEMAN, COJTTI, 1982)

TNT: SURFACTANT-COMPLEX FORMATION

ft the reaction of TNT i•.th the .atonia su=actant -
NaON system, the complex fo•mations may be il.Zust•ated as
follows:

Surfactant. (R4 8 4-C1) 4 aS- RN0 ad.

!Txr4.RO 4 - 4 0K-'TNaNq +f 30

NT 4 TNI----- (TNT - (TNT)
Janovsky emplex

"I (T•n 4+ ;to - (TIT ) (T'?I Rtt4"

ROX: HYDROLYSIS

I•"N02 k a•----- .I rv-O.- NO

W2

decomposed to

NITROCELLULOSE: HYDROLYSIS

- -
0 - go 2 C0HO 4- 3 NaNC 3

'"z - 0 - NO 2

NITROGUANIDINE: HYDROLYSIS

0

÷ ga•--€:c['•'z•r,,-c4- NW. 5'2
Uw:C(Nff2 h •;OW'3 4" NaOf,---c>.W:C=,0Na) Nh0N'& a•4. NW~

=C(CNa)N.q-f0N5 -.-.-- OmEa:C(Ch1a) 4 N"-NW0

2 K2  N 3  2Lco

46



Prior Experience

Laboratory and pilot studies performed on pink water (TNT and RDX) have

indicated that the complexing-hydrolysis process may be technically

feasible and economically attractive (Freeman and Colitti, 1982). The

reaction products and byproducts identified were the precipitated

TNT-surfactant complex, RDX hydrolysis products, and alkali. Further

identification of reaction byproducts was recommended, after which the

suitability of a direct wastewater discharge or the need for further treat-

ment can be determined. Reaction parameters of 25 0 C and a pH of 11 were

used. The quaternary amine surfactant, Duoquad T-50, was found to be most

effective at a mole ratio of about 0.4:1 (surfactant: TNT). Further

optimization of the process was hampered by the lack of appropriate

analytical procedures for TNT and RDX.

Studies performed by Okamato (1973) have demonstrated the increased

rate of hydrolysis for RDX, HMX and nitroglycerin in the presence of the

surfactant. The rates of hydrolysis and TNT precipitation were greatly

increased by increasing the reaction temperature.

Soil leaching and mutagenicity studies of the TNT-surfactant complex

were performed at the Natick Research and Development Laboratories

(Kaplan and Kaplan, 1982). Ames mutagenicity testing indicated that a

significant hazard is associated with the TNT-surfactant complex. The

mutation rates caused by the complex were greater than those caused by TNT

or the surfactant alone. Soil leaching studies were conducted by passing

surfactant solutions through columns filled with TNT-contaminated soils.

These studies indicated that a much higher molar ratio of surfactant to TNT

(approximately 75-fold) is required for complexing TNT-laden soil as

compared to TNT wastewater. The excess surfactant and sodium hydroxide

were also found to cause leachate problems. The long term stability of the

complex in a soil environment was found to be questionable. Moreover, the

treatment itself was found to be ineffective in complexing the TNT

reduction metabolites, 2-amino, 4,6-dinitrotoluene and 4-amino-2,

6-dinitrotoluene. For these reasons the use of the complexing-hydrolysis

process for solid phase insitu treatment of explosive laden sediments is

not recommended.
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An additional study investigating the fixation of explosives in lagoon

sediment by this process showed that the percolation of surfactant solution

through soil resulted in the formation of a TNT-surfactant complex at the

surface. This complex blocked further penetration of the soil thereby

encapsulating the unreacted explosives. Core sampling revealed high

concentrations of explosive beneath the surface (Freeman, 1982).

An ongoing feasibility study has indicated that surfactants are

effective in removing tetryl from aqueous solution (Freeman, 1982).

Applicability to Lagoon Sediment

The feasibility of the complexing-hydrolysis process for treatment of

lagoon sediments is questionable. Although the process has demonstrated

potential for the treatment of pink water and the majority of explosives

present in lagoon sediments (no data yet exists for nitrocellulose),

it is unlikely that the approach will be workable with explosives in the

solid phase. Communications with personnel familiar with this process

indicate that laboratory testing is necessary to determine the feasibility

of complexing-hydrolyzing a slurry of lagoon sediment.

Cost Factors

The major equipment costs of this conversion process are dependent upon

the choice of having the reaction occur in the lagoon or as a sidestream in

an adjacent vessel. The major chemical cost will be for the surfactant.

Additional chemical cost will be incurred for sodium hydroxide and for the

acid used in final neutralization.

Environmental Impact

The previously mentioned Natick studies have shown that the mutagenic

property of the TNT-surfactant complex is greater than that of TNT (Kaplan

and Kaplan, 1982). Numerous environmental problems are associated with

solid phase insitu contacting; however, as this alternative is not viewed

as workable, these problems will not be discussed.
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Only a few of the reaction products and byproducts from pink water

treatment by this process have been identified. if this process were

viable for slurry contacting, an investigation would be necessaryto

identify all products, determine their toxicity and establish the

additional treatment necessary prior to discharge of the liquid stream or

disposal of residual solids.

Alkaline Digestion of Nitrocellulose

Nitrocellulose is much less stable than most of the noninitiating

military explosives. It undergoes decomposition slowly at ambient temp-

eratures but the decomposition rate increases 3.7 times with each 10 0 C

temperature rise. The presence of moisture, acid and alkali increase the

rate of nitrocellulose decomposition. of these factors, alkali is the most

effective in increasing the rate of decomposition (Army Technical Manual,

1967).

Nitrocellulose can be decomposed by a variety of alkaline digestion

methods. Sodium hydroxide, barium hydroxide, sodium carbonate, and

ammonium hydroxide can be used for the digestion. Of the above chemicals,

sodium hydroxide has been found to produce a complete digestion at shorter

contact times, lower digestion temperatures and lower concentrations for a

given quantity of nitrocellulose (Wendt and Kaplan, 1976). Digestion with

sodium hydroxide results in a complete degradation of the cellulose

polymer. The main reaction products are various organic acids and sodium

nitrate and nitrite.

Digestion with ammonium hydroxide also results in complete degradation

of the cellulose polymer. This d:.gestion is reported to yield end products

with a commercial fertilizer value (Bissett and Levasseur, 1976). Although

the use of ammonium hydroxide requires greater contact time, higher

temperature and a higher alkali concentration, it may be preferable to

sodium hydroxide because of the end products. The efficiency of either

type of alkaline digestion is a function of contact time, digestion

temperature, alkali concentration and nitrocellulose particle size.
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Theory

Nitrocellulose is prepared by the nitration of cellulose, a polymer

composed of chain of anhydroglucose units (C6 H 0 5). Depending on the

degree of nitration a maximum of three nitro groups can be added to each

anhydroglucose unit. Explosive grade nitrocellulose contains 2.6 moles of

'.itrogen per anhydroglucose unit.

The digestion of nitrocellulose with d strong alkali such as sodium

hydroxide is reported to yield various hydroxy and polycarboxylic acids and

sodium nitrate and nitrite. The use of ammonium hydroxide, a weaker

alkali, reportly results in the formation of ammonium nitrate and nitrite

from the nitrate ester groups. Ammonium salts of the carboxylic acids

produced by the digestion are also expected (Bissett and Levasseur, 1976).

The products and byproducts of alkalir! digestion vary with the digestion

conditions, alkali used and the presence of other compounds. Nitric

oxides, ammonia and carbon dioxide gases can be evolved.

Prior Experience

There are many references in the literature regarding the digestion of

nitrocellulose by alkali. A review of available literature indicated the

formation of a wide variety of organic and inorganic compounds as the

products of alkaline digestion. These compounds included inorganic

nitrates and nitrites, ammonia, cyanide, carbon dioxide, nitrogen oxides,

carbon monoxide, malic, oxalic, glycolic, trioxyglutaric, formic,

dioxybutyric, malonic, tartronic and unidentified complex acids, sugars,

and modified celluloses and their nitrates (Wendt and Kaolan, 1976; Kenyon

and Gray, 1936).

The effects of alkali concentration, ratio of alkali to nitrocellulose,

time, temperature and the degree of cellulose nitration on the digestion of

nitrocellulose with sodium hydroxide were studied by Kenyon and Gray

(1936). They determined that the time required to decompose a given weight

of nitrocellulose decreases with increasing temperature and alkali

concentration but is independent of the alkali-nitroc)J:lulose ratio at
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constant temperature. A given weight of nitrocellulose (2.5 percent) was

found to decompose completely within 24 hours in a five percent sodium
hydroxide solution at 30°0C. When the same reaction was repeated at a

temperature of 60 0 C, complete decomposition occurred within 50 minutes.

The digestion of five percent nitrocellulose in 1.5 to 3.0 percent

solutions of sodium hydroxide, at contact times of 30 - 60 minutes and

digestion temperatures of 95 to 98°C has also been reported (Wendt and

Kaplan, 1976). Experiments performed at Natick suggest that the sodium

hydroxide digestion of nitrocellulose is an all-or-nothing decomposition of

entire nitrocellulose units, rather than a stepwise denitration followed by

degradation of the cellulose polymer. The use of sodium hydroxide

digestion as the initial step of an integrated chemical-biological

treatment process was investigated during this study.

Nitrocellulose digestion studies were reported using ammonium hydroxide

at a temperature of 73 0 C (Dogliotti, et al, 1974). Nitrocellulose

concentrations varied from 5 to 15-percent as did the ammonium hydroxide

concentrations, and the contact time varied from 4 to 24 hours. The study

results indicated'that the reaction could be optimized for contact time or

economics; .a 10-percent nitrocellulose solution was degraded completely

with a 10-percent ammonium hydroxide solution at 73°C for 10 hours.

Analysis of the reaction products indicated that breakdown of the cellulose

polymer took place.

Studies performed by Bissett and Levasseur indicated that ammonium

nitrate was formed by the digestion of nitrocellulose with ammonium
hydroxide (1976). All experiments were performed using a 5-percent

nitrocellulose solution. The reaction time, temperature and ammonium

hydroxide concentration were varied. Experiments were performed in both

closed and open systems; a 5-percent solution of nitrocellulose was

completely decomposed in three hours in a closed reactor by a 5-percent

ammonium hydroxide solution at 90°C. The use of a closed reactor resulted

in substantial savings in ammonium hydroxide and/or a reduction in reaction

time. Experiments performed at room temperature indicated that high

concentrations (up to 29 percent) of alkali and long reaction times (up to
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120 hours) were required for digestion (Bissett and Levasseur, 1976).

Reaction at high temperatures, although more efficient, resulted in the

formation of gaseous products (NOx and CO2), probably from the breakdown of

ammonium nitrate and nitrite.

A feasibility study of the landfilling of nitrocellulose lime sludge

was performed by Envirex (Huibregtse, et al, 1979). Cyanide was identified

as a substantial degradation product. Although most of the cyanide was in

a complex organic form and remained entrained in the sludge, some free

cyanide was observed to have leached from the sludge.

Applicability to Lagoon Sediments

Based upon prior experience alkaline digestion is a viable alternative

for the treatment of nitrocellulose contaminated sediments. Although this

alternative will also result in the hydrolysis of RDX, HMX and

nitroglycerin, the reaction with TNT may result in the formation of

dangerously sensitive compounds (or an explosion), depending upon the

alkali and reaction conditions used (Army Technial Manual, 19 6 7 ; Urbanski,

1964). For this reason the alternative is not recommended at this time for

sediments containing TNT.

Depending on the characteristics of the lagoon, it may be possible to

digest a slurry containing nitrocellul-'se in the lagoon. The major

advantage of this approach is that long reaction times would be feasible.

The longer reaction times can alleviate the need to add heat to the

digestion. The rate of release of gaseous products is minimized at lower

reaction temperatures. In addition, this may increase the yield of

ammonium nitrate which is high in fertilizer value.

The use of a closed reactor is recommended if the digestion is to be

done on a sidestream in an adjacent vessel. This would allow the efficient

use and reuse of heat and lessen the chemical requirements. The optimum

amount of heat to add is a trade-off between the considerations of reaction

time, gaseous emissions, chemical rtquirements and desired end-products.
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The choice of alkali (sodium hydroxide or ammonium hydroxide) is

dependent on the chemical costs, equipment costs, environmental impacts and

required end products. According to Bissett and Levasseur (1976), digested

nitrocellulose is amenable to biological treatment; however, the presence

of toxic substances in the sediment may limit this approach. For example,

one characterization of a lagoon sediment containing nitrocellulose

indicates that diethyl and dibutyl phthalates are present in high

concentrations (> 1000 mg/l) (ESE, 1982). These compounds are used to

gelatinize nitrocellulose but are also listed as priority pollutants. The

effect of alkaline digestion on these compounds has to be determined.

Cost Factors

As in all alternatives the major equipment costs of alkaline digestion

will vary with the selected initial and secondary material handling

alternatives. Chemical costs will vary with the concentration of

nitrocellulose, the competing chemical demand present and the potential

need for acid for final neutralization. The optimum dosage, operating

conditions, utility requirements (heat) and post-treatment needs will be

site-specific.

Environmental Impact

The environmental impact of alkaline digestion will be dependent upon

the choice of alkali, reaction conditions, concentration of nitrocellulose

and equipment used. Gaseous products such as nitric oxides, carbon dioxide

and ammonia are expected during high temperature digestion. Dige3tion

products and byproducts must be identified and evaluated for toxicity

(cyanide reported in the literature). The toxicity of compounds such as

phthalates present in the initial sediment must also be determined. It may

also be necessary to enclose the reactor and to treat the gaseous

byproducts.

Gamma Irradiation

Gamma rays are electromagnetic energy waves emitted during radioactive

decay. Gamma rays are very penetrating; a layer of water 25 inches deep is
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required to stop 90 percent of the rays from a Cobalt 60 source. For this

reason exposure to gamma rays emitted from selected isotopes (gamma

irradiation) has been used for disinfection of sewage sludge. Gamma rays

are continuously emitted at a relatively constant rate; therefore the

applied energy can only be varied by exposure time. Two isotopes, Cesium

137 (Cs-137) and Cobalt 60 (Co-60), have been used as gamma ray sources.

The treatment of explosive-contaminated lagoon sediments by gamma

irradiation was investigated by the ARC (Wentsel, et al, 1981). They

proposed that explosive degradation by gamma irradiation, electron beam

processing and ultra-violet ozonolysis all proceed by a similar degradation

pathway. The proposed mechanism for decomposition by gamma irradiation is

hydroxyl ion formation. This formation is enhanced in the liquid state

(Disalvo, 1983).

Prior Experience

Two types of gamma irradiation processes have been developed for sludge

disinfection, dry and liquid (EPA, 1979). A research facility to treat dry

sludge was constructed by Sandia Laboratories in New Mexico. This facility

was designed to treat eight tons per day of dried sludge using a

one-million curie Cs-137 source, a conveyor system is used to transfer and

expose the sludge to the gamma radiation source. The City of Albuquerque,

New Mexico, has approved the design of the first municipally-owned and

operated sludge irradiation facility in this country. The proposed plant

will be designed to process 10,740 dry tons of sludge per year (ENR, 1963;

C&E News, 1983).

A liquid sludge treatment facility was constructed and operated on a

demonstration basis in West Germany in 1973. Although this facility was

designed to treat 40,000 gallons per day, the initial Co-60 charge was only

sufficient to treat 8,000 gallons per day. A diagram of the liquid sludge

treatment facility is shown in Figure 11. Sludge is pumped into the source

cavity and recirculated in the batch mode for the desired exposure time.
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The efficiency of gamma irradiation for treatment of polychlorinated

biphenyls was found to be solvent-dependent. A maximum of 20 percent PCB

destruction was obtained using a 15 percent ethanol/85 percent water

solvent, while total destruction was obtained in a alkaline/2-propanol

solvent (Wentsel, et al, 1981). Exposure of pink water to gamma radiation

from a Co-60 source was highly successful. The TNT content of the water

was reduced from 89 mg/l to 2 mg/l (Wentsel, et al, 1981).

The effectiveness of thermoradiation processes which utilize the

synergistic effects of heat and gamma irradiation was investigated by

Sandia Laboratories. A 70 percent reduction in gamma dosage was achievable

when sludge was disinfected at 55 0 C (Ahlstrom, et al, 1977).

Applicability to Lagoon Sediments

The liquid sludge gamma irradiation process is applicable to the

desensitization of explosive contaminated lagoon sediments. Unlike

ultraviolet radiation, the penetrating power of gamma radiation should not

be hindered by the presence of sediments and high-explosive crystals.

However, the sediments would have to be resuspended and removed from the

lagoon at the maximum feasible solids concentration and pumped into the

source cavity for recirculation until desensitization is achieved (batch

operation). The recirculation would also ensure that the slurry remains

mixed. If justified by laboratory studies, air or oxidants (e.g., ozone;

peroxides) could also be added during recirculation.

As recommended by ARC (Wentsel, et al, 1981), the gamma irradiation

unit should be buried or placed in a bunker to provide shielding. Adequate

safety and handling procedures and equipment must also be included. The

cost and practicality of transportation of the unit and source must be

determined. Transportation costs can be minimized by selecting sites which

contain several lagoons requiring treatment.

As in all alternatives, laboratory and pilot testing would be necessary

to determine the optimum conditions for gamma irradiation. Investigations

should also be conducted to determine alternate irradiation methods.
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Cost Factors

The costs of gamma irradiation by means of a liquid slurry treatment

system were developed for the EPA by Battelle Pacific Northwest

Laboratories (Ahlstrom, et al, 1977). Cost elements for the facility

included:

"o insulated concrete building

"o equalization sludge storage tank

"o emergency water dump (source shielding)

"o irradiating capsules (source)

"o steel lined source handling pool

"o deionizer

"o data acquisition and control system

"o oxygen injection facility

"o pumps, piping, and flow meters

"o radiation alarms

"o fire suppression system

Operating costs were also estimated by Battelle.

The Battelle estimates were developed for a permanent facility. For

comparison purposes in this study these estimates were adjusted to 1982

dollars but no estimates were developed for dismantling and transportation

or for permitting.

Environmental Impact

The environmental impact of gamma irradiation is dependent on the

treatment conditions used and on the lagoon sediment itself. For long

contact times, gaseous products such as NOx, CO 2 CO, and SOx are

anticipated (Wentsel, et al, 1981). The characteristics of the liquid

effluent are unknown at this time but should be low in organics if

sufficient contact time is provided. Laboratory and pilot scale testing

should be performed to determine the final products of gamma irradiation.
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BIOLOGICAL CONVERSION PROCESSES

Biological waste treatment encompasses the anaerobic, anoxic and/or

aerobic decomposition of organic matter usirg either suspended or attached

growth microbial populations in a supportive environment. The factors

combining to make an environment supportive for biological decomposition

include pH, temperature, nutrient and micronutrient availability and

dissolved oxygen supply or lack thereof. There are many configurations

possible for biological waste treatment systems including the suspended

culture and composting systems that have been studied or applied to the

decomposition of TNT, RDX and HMX.

Research conducted in recent years has enhanced the information

available for specifying a biological waste treatment system for explosive

compounds. For example, it is now evident that TNT undergoes both aerobic

and anaerobic breakdown, RDX and HMX decompose only by anaerobic pathways

and nitrocellulose is not amenable to biological decomposition by either

pathway. As a result of this experience, aerobic biological treatment is

not universally applicable for treatment of explosives. It is also evident

that TNT, RDX and HMX decompose biologically only at concentrations

considerably less than the solubility limits of the compounds, that the

primary mechanisms of decomposition are via successive reductions of the

nitro groups and that the decompostion of these explosives is supported

synergistically by the presence of other more decomposible forms of organic

carbon in the biological reactors. It is also recognized that TNT, RDX and

HMX have toxic effects on many aquatic test organisms and that the

biological decomposition products are often more toxic and mobile than the

explosives themselves. Much of the knowledge gained has been at the

mechanistic level, e.g., definition of biotransformation pathways, and it

is from this point that engineering development must commence.

Theory

The biological conversion of TNT takes place both aerobically and

anaerobically as the successive reduction of the nitro groups; in either
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case without the cleavage of the ring structure (McCormick, et al, 1976;

McCormick, 1982). Anaerobically, the successive reduction is to

hydroxylamino compounds with no evidence that the amino compounds are

combined with carbonyl compounds to form insoluble complexes. Similarly,

it is believed that the compounds formed in the aerobic treatment of TNT

dimerize to form azoxy compounds that are bound into floc. In either case

a carbon source and an effective reducing agent are required, as well as a

neutral pH and the complexing of heavy metals if present. In addition,

adequate mixing is required to promote the solubilization of TNT and

contact between the soluble TNT and the microbial population. The work of

Nay et al (1974) was the only reference reviewed in which rate constants

characterizing the aerobic biotransformation of TNT were found.

The anaerobic biological conversion of RDX and HMX takes place via

denitrification pathways resulting in the production of hydrazines (a

chemical reductant), formaldehyde, methanol and nitrogen (McCormick, 1982;

McCormick, et al, 1981). Formaldehyde and methanol are further decomposed

to methane and carbon dioxide. Nothing could be found in the literature to

document the reaction rates for RDX and HMX biotransformation. However,

McCormick's work at the laboratory scale indicated that these compounds

convert fully within two weeks (1981).

Work by Wendt and Kaplan (1976) has shown that nitrocellulose cannot be

treated biologically withoo.: an initial chemical treatment to hydrolyze the

nitro groups. Inasmuch as the chemical treatment itself is sufficient to

accomplish the desensitization of nitrocellulose, the further biological

treatment of the residues is not warranted solely for desensitization

purposes.

A major constraint to predicting the efficacy of biological waste

treatment for lagoon soils and sediments is the absence of information on

the kinetics of solubilization and biotransformation. The literature is

replete with information on the biotransformation of explosives in solution

phase. The explosives of concern are compounds of limited solubilities at

ambient temperatures (in the order of 100 mg/l), such that 99 percent of

the explosives content would still be in solid form at a bulk explosives
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concentration of just one percent. If, under the conditions encountered in

a desensitization operation, the solubilization rate is less than the

biotransformation rate, an entirely new set of limitations would control

the operation. For purposes of this analysis, it is assumed that the

biological transformation of TNT, RDX and HMX can take place only in the

solution phase.

Configuration

Biological waste treatment can be provided aerobically or anaerobic-

ally using suspended growth or attached culture systems in a liquid medium,

or attached culture systems in a solid medium. Included in this

classification system are the following commonly used configurations:

"o Liquid-medium, suspended growth systems: aerated lagoons;

facultative ponds; anaerobic ponds; activated sludge systems;

anaerobic digesters; aerobic digesters

"o Liquid-medium, attached culture systems: fixed-film, packed bed

and fluidized bed reactors (anaerobic or aerobic)

"o Solid-medium, attached culture systems: composting

The various configurations have evolved as engineers have sought different

methods to attain the longer solids retention times and good mixing

essential for production of high quality effluents simultaneously with

attaining lower liquid or hydraulic retention times.

Composting is the variation of biological waste treatment in which a

solid matrix is used to support the. decomposition. The solid matrix

consisting of the waste material, bulking agents to provide the carbon and

nutrient sources, pH adjustment, proper water content and porosity serves

to support a symbiotic anaerobic-aerobic environment. The matrix formed by

a mixing operation consists of an inner (anaerobic) environment and an

outer (aerobic) layer. The bounds of the aerobic layer are defined by the

oxygen transfer from the pores of the matrix into its mass.
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In order for composting to take place at thermophilic temperatures (50

to 60 0 C), the mass ratio of water to organic matter cannot exceed a

critical limit without either limiting oxygen transport (too little air) or

excessive cooling of the pile (too much air). Thus composting has as its

unique features the bulking requirement, with attendant dilution of the

bulk density of a waste component; a limiting water content (delimiting the

quantity of a substance that can be in solution); a symbiotic

anaerobic/aerobic environment and (if properly conducted) a thermophilic

temperature range. In addition, the composting process requires several

materials handling steps not required in the liquid medium methods and

significant volumes of bulking materials (e.g., 3 to 4 cu yd per wet ton at

20% solids).

From a process design viewpoint, the biological waste treatment

processes can be conducted on a batch, fill and draw or continuous flow

basis. Batch processing, such as the aeration of a lagoon or of a static

compost pile for selected times periods, can proceed until the substrate is

depleted or toxic products accumulate. Fill and draw or continuous flow

processing requires the intermittent or continuous removal of residual

solids to control the solids inventory such as accomplished by

clarification in the activated sludge system or by retrieval units in

enclosed mechanical composting sytems.

Applicability

There is little question that biological waste treatment processes are

applicable for the desensitization of lagoon sediments. The principal

deterrent to the selection of a preferred configuration is the absence of

kinetic (rate) constants for the various configurations. Without the

capability of predicting the performance of a given configuration,

comparative cost and performance information cannot be developed.

A review of the literature was made to identify the information base

available for comparing TNT and RDX bioconversion rates and for comparing

liquid and solid media biological systems. An analysis of the available
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information on the biological conversion of TNT and RDX is presented in

Volume Two. The findings of this analysis, providing usefuAl insight to the

applicability question, are as follows:

(1) Composting systems operating in the thermophilic temperature range

(50-60 C) attained bioconversion rates on a bulk-volume basis that

were six to eight-fold less than on a water-volume basis. Thus,

only one-sixth to one-eighth of the bulk volume of a composting

system is used when solution-phase biological conversion is

required.

(2) The water-volume basis bioconversion rate for TNT ( 0.13 lb/cu

ft-day) in the thermophilic temperature range is at least one

order of magnitude greater than estimated from the work of Nay et

al (1974) at ambient ( 10 0 C) temperatures. A difference of this

magnitude suggests that major reductions in retention times may be

achievable when liquid phase systems are operated at thermophilic

temperatures.

(3) The bioconversion rate for RDX at thermophilic temperatures was

approximately one-sixth to one-eighth that for TNT on a water-

volume basis.

The lack of definitive and complete information of this nature

essentially precludes the rational engineering analysis of alternative

bioconversion systems for desensitization. For purposes of this

investigation, it was assumed that long detention times, substantial

dilution of the solubilized explosive (relative to its saturation

concentration) and high supplemental reductant (carbon source)

concentrations are required. It was also viewed as premature to render a

judgment about the relative merits of any configuration until biological

rate studies such as recommended in Chapter 7 are conducted. Upon

completion of these studies, a preliminary engineering and economic

analysis of the various preferred configurations will be possible.
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For comparative evaluation purposes, it was assumed that a

liquid-medium system could be used for desensitization, that TNT could be

desensitized aerobically or anaerobically, that RDX and HMX could be

desensitized anaerobically and that nitrocellulose cannot be desensitized

biologically. It was further assumed that the lagoon sediment would be

excavated hydraulically, resuspended and desensitized either insitu or in

an adjacent closed thermophilic reactor. Appropriate water control

measures would be used as necessary; the sediment would be kept mixed by

either an aeration system or by recirculation. In either case, it was

assumed that the slurry would not be desensitized until the explosives were

solubilized and biotransformed. If necessary, air scrubbers would be

provided for odor control and toxic metals would be sequestered by the

addition of soluble sodium sulfide.

Cost Factors

The major equipment cost for biological treatment is for the lagoon

suspension and aeration or recirculation system. Additional costs would be

incurred for supplemental sludge pumping and chemical addition (if

required). If anaerobic treatment is selected, it was assumed that a

lagoon cover would be required. It would be necessary to construct an

adjacent reactor vessel if the characteristics of the lsgoon do not permit

insitu contacting.

Environmental Impact

The major environmental impact of both biological treatment processes

results from the expected toxicity of the products and byproducts of

desensitization. The lagoon would have to be isolated from groundwater to

prevent contamination. It is expected that hydrogen sulfide emitted during

anaerobic treatment would require scrubbing before release of the gas

stream. A lagoon cover is impractical for the envisioned system.

Developmental studies would be needed to determine both the products and

byproducts of desensitizatioin and their toxicity.
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THERMAL CONVERSION PROCESSES

Three thermal conversion processes were reviewed for their adaptabili y

to desensitization of lagoon sediments: thermal decomposition

incineration and wet-air oxidation. Of these, the latter two were

ultimately selected for evaluation.

Thermal Decomposition

Thermal decomposition of explosives has been proposed as a building

decontamination method by Battelle Laboratories (Mezey, et al, 1982).

Explosives undergo thermal decomposition at temperatures below those at

which a spontaneous explosion can occur and the decomposition products are 1
primarily gaseous. Decomposition temperatures and contact time

requirements vary from 100 to 3500 C and from one second to one year. A

temperature of 250 0 C is required for 99 percent TNT decomposition within a

one-week period. 1

The adaptability of this process for the desensitization of lagoon

sediment is limited by the reactivity of the sediment. According to tests

conducted by the U.S. Army Research and Development Command (Kirshenbaum,'

1981), the sensitivity of explosives is increased by the addition of humus

(soil). Sediment mixtures containing at least 10 ?ercent by weight of

explosives are thermally active and could burn when heated to 175 to 200 0 C.

Although this hazard is eliminated at an explosives concentration of fivel

percent, lagoon characterization data indicate the likelihood that pockets

of high expicsive concentrations would be encountered. An additional

problem with this approach is that, if drying were to occur, the

sensitivity of the explosive mixture would be increased. On the basis of

these considerations it was decided to eliminate thermal decomcosition from

further consideration.

Incineration I

Incineration is currently being developed as an interim treatment for

explosive-laden lagoon sediments by another USATHAMA contractor. USATHAMA
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has indicated that incineration should be considered as a baseline against

which the desensitization alternatives developed in this study are

evaluated. For these reasons, discussion on incineration has not been

included in this study. However, costs and technical information developed

by ARC (Wentsel, et al, 1981) were updated and used for the evaluation and

ranking of alternatives.

Wet-Air Oxidation

The wet-air oxidation process is both a desensitization technology and

a post-desensitization treatment approach. This process was evaluated as

an overall treatment approach for explosive sediment by ARC (Wentsel, et

al, 1981). Their evaluation was based upon several pilot studies in

coordination with Zimpro, a systems vendor. The recommended system

included post-treatment of the oxidized slurry and air pollution control

equipment. For purposes of this study the technical and economic data from

ARC have been used to develop wet-air oxidation treatment alternatives.

Theory

Wet-air oxidation is a process in which organic substances are oxidized

chemically in an aqueous phase at elevated temperature and pressure in a

specially designed reactor. The principal components of this process,

shown in Figure 12, are a high pressure pump, heat exchanger, reactor and

air compressor. Organic material is preheated in the heat exchanger and

then pumped into the reactor with compressed air. Oxidation occurs in the

reactor (catalysts may be u3ed) at temperatures varying from 177 to 3200 C,

and pressures of 1,000 to 1,800 pounds per square inch absolute (psia).

The oxidized slurry is cooled by the heat exchanger and then gases are

stripped and the ash separated. The gases are reduced to atmospheric

pressure and treated to eliminate odors before release.

Prior Experience

The wet-air oxidation process has been used to condition both municipal

and industrial sludges. The process has also been used to degrade
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hazardous chemicals and herbicides. Although wet-air oxidation was

generally successful in degrading toxic compounds, significant amounts of

chlorinated organics were not degraded (Wentsel, et al, 1981).

Zimpro performed pilot studies on waste propellants (primarily nitro-

cellulose and nitroglycerin). The solid propellants were slurried in a

water-acid mixture and oxidized at 204 0C and 815 psia for a three-hour

period. Zimpro reported a minimum propellant destruction of 97.6 percent.

ARC found the analytical results and mass balance procedure used by Zimpro

questionable (Wentsel, et al, 1981). Although it was also reported that

other pilot studies on propellants and TNT red water had reilted in

removal rates of 96-99 percent, experimental details were not available.

Applicability to Lagoon Sediment

The wet-air oxidation system considered herein is the same as that

recommended by Zimpro and described in the ARC report. Depending on the

site, the sediment would be either slurried in the lagoon to a solids

concentration of say five percent, or removed from the lagoon to a holding

tank and slurried in a mixing tank. The slurry would then be processed by

the wet-air oxidation unit. If required by the overall approach, the

reactor effluent would be neutralized by addition of sodium hydroxide.

Unlike the Zimpro and ARC processes, biological treatment of the reactor

effluent is not anticipated for desensitization purposes.

Cost Factors

The cost of the basic wet-air oxidation system was updated from the ARC

report. In order to be consistent with the incineration alternatives, the

cost of an air pollution control system was included. In an installation,

the cost of the initial materials handling and necessary secondary

materials handling equipment would be dependent upon the characteristics of

a specific lagoon. The cost of neutralization of the reactor effluent

would be included only if it is required by the overall approach.

67



Environmental Impact

The effluent of the wet-air oxidation process is expected to be high in

COD, solids and BOD. Carbon monoxide and nitrous oxides are anticipated

reactor byproducts; toxic heavy metals may also be present. The inclusion

of an air emissions control system should minimize the release of the

gaseous products. The fate of other pollutants present in the sludge would

have to be determined in laboratory/pilot studies.

UNDEVELOPED CONCEPTS

A number of concepts have been suggested for which theoretical and/or

empirical documentation is limited or unavailable. The lack of information

has prevented the degree of evaluation needed for rank ordering of these

concepts, which are described and discussed below.

Lagoon Detonation

It has been proposed that the lagoons be detonated insitu by an

initiating explosive. The effectiveness of this process would be dependent

uponthe explosive concentration and moisture content, and other sediment

characteristics. If all explosives were not detonated completely, they

would be scattered over a wide area, thereby expanding the area of

contamination, with ultimate risk of surface and underground contamination

of aquifers.

Safety is an additional consideration. Due to the lack of records and

characterization data on the lagoons, the size of the explosion would be

difficult to predict, and possible damage to base and private facilities

from the explosion and blast concussion must be considered.

Open Burning

The open burning and/or detonation of waste explosives is permitted

under the Resource Conservation and Recovery Act Federal Reqister. 1980).

Waste explosives by definition "include waste which has the potential to
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detonate and bulk military propellants which eannot be disposed of through

other modes of treatment." However, waste explosives must be burned or

detonated "in a manner that does t threaten human health or the

environment."

The spreading and ignition of explosive sediments with waste

oils/solvents has been proposed. It is unclear if explosive sediments are

included in this regulation since processes can be identified which

incorporate a greater degree of air emission control during destruction.

In addition the amount of fuel equivalent needed for burning would depend

upon the characteristics of the sediment and may be quite high for

sediments with a low explosive but high water content.

Surfactant-Oil Complexing

The mixing of explosive sediments with "ivory snow" and diesel fuel was

also identified as a desensitization method; however, documentation on this

process could not be found. It was suggested that the surfactant-oil

complex forms a stable flammable gel which can either be used as a

supplemental fuel or easily incinerated. Because the emissions from either

type of combustion can be controlled, it should be possible to conduct the

test burns requisite for regulatory agency acceptance. This process may be

most applicable to sediments containing a high concentration of explosives

which otherwise would present handling problems.

Oxidation by Fenton's Reagent

Fenton's reagent, a solution of aqueous ferrous sulfate and hydrogen

peroxide, is a highly reactive oxidizing system. Although literature was

not located concerning its use for oxidizing explosives, references were

found for the oxidaton of other nitroaromatics by this system. It is

envisioned that Fenton's reagent may be applied in the same manner as other

desensitizing chemicals or used in conjunction with gamma irradiation to

lower dosage requirements.
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CHAPTER 4

ALTERNATIVES FOR DESENSITIZATION

The alternatives presented in this chapter consist of each of the

conversion processes combined with the appropriate initial materials

handling, secondary materials handling and separation processes necessary

to accomplish the desensitization. Desensitized material usually requires

further treatment to be acceptable for final disposal. To this end

additional unit processes are proposed with each alternative to provide a

complete system.

It is appropriate that desensitization alternatives consider

these processes because the added cost of post-desensitization treatment

(PDT) may be offset by a savings elsewhere in the system. An example: of

this would be the recycling of a desensitized effluent to fully deplete a

toxic chemical reactant prior to biological treatment. Another example

would be the dewatering or hydraulic classification of lagoon sediment

prior to incineration to reduce supplemental fuel requirements and possibly

result in an overall system cost savings.

Logic diagrams can be used to define and identify the alternatives for

desensitization, and are applied in this chapter to develop the

alternatives around each conversion process. Additional alternatives are

also defined when the PDT requirements are considered. The approach

outlined in this chapter provides a framework adaptable to the eventual

computer modeling of the desensitization alternatives.

DEVELOPMENT OF ALTERNATIVES

A series of seven simplified logic diagrams have been developed to

identify and define the desensitization alternatives. Each diagram is used

to illustrate the assignment of one digit of a 7-digit identification

number unique to each alternative. The logic diagrams are used in a

pre-defined sequence, and in conjunction with lagoon characterization data,

to define all feasible combinations of conversion processes and contacting
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schemes for the given set of lagoon characteristics. An initial materials

handling method is then selected and any necessary water control measures

are identified for each combination. The equipment required to accomplish

desensitization and PDT (if desired) is then defined. At the end of this

sequence each feasible alternative can be identified by the 7-digit

identification number. The feasible alternatives are then evaluated and

rank-ordered by comparison (Chapter 6).

Each logic diagram refers to a specific process or operation, as

follows:

o Initial Process Selection

o Process Enhancement

o Feasible Contacting Methods

o Initial Materials Handling

o Water Control Measures

o Basic Treatment Train

o Post-Desensitization Treatment

The logic diagrams are explained briefly below. The numbering system used

for all of the logic diagrams is shown in Table 2.

Initial Process Selection

The initial process selection diagram, shown in Figure 13 is used to

identify those desensitization concepts or processes which are not

applicable for a given set of lagoon characteristics. For example, aerobic

biological treatment is not applicable if RDX is present in the lagoon.

Each applicable process is then considered in turn by working through the

other logic diagrams. The first digit of a 7-digit identification number

corresponds to the process under consideration.

Process Enhancement

This diagram, shown in Figure 14, identifies methods for enhancing the

conversion processes; not all methods are applicable to all processes. Two
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TABLE 2. ALTFRNATIVF NU8lRFTING SYSTFM

COtJVFRSIOJ PROCrFSs - First Diqit (Fiqure 13)

0 Alkaline Diqestion by NaOH
I Alkaline Diaestion by NH4 OH
2 Comrlexinq-Pvdrolysis
3 Chemical Reduction by Inorganic Reductants
4 Chemical Reduction by Organic Reductants
5 Camma Irradiation

6 Incineration
7 Wet-Air Oxidation
S Anaerobic Sioloaical

9 Aerohic Bioloqical

PRrCr.qS FNHANCFf¶FUT - Second Digit (Figure 14)

xO None
1 Heat (Cover needed)
2 Solvenfs
3 Co-solvents
4 Surfactants
5 Salts
6 Radical Traos
7 Supplemental Fuols (Waste oils/solvents)
q Hydraulic Classification
9 tior- than one

FEASISIT. COHT'7ACTING MFTHODS - Third Diiit (Figure 15)

xxi Solid Phase
xx2 Insitu Taqoon
xx3 Sidestrpam

I'IITIAAT, MATERIALS HA"DII"G - Fourth Digit (Figure 16)

xxxi Injection Technioups
2 Hydraulic P-susvension, Short Duration
3 Hvdrau]ic Resuspension, Fxtpnded Duration
4 Hydraulic Resuspension, Short Duration with Chemical

Addition
5 Hydraulic PRsuspension, Fxtendpd Duration with Chemical

Adlition
6 Hydraulic ý'xcavation, Minimal Dilution
7 Hydraulic F.xcavation, Minimal Dilution, Chemicals Added
p Hydraulic 7xcavation, Dilution
9 Hydraulic Fxcavation, Dilution, Chomicals Added

WATFR (-()NTPOL MFASUPFS - Fifth Digit (Fiqure 17)

xxx-x0 Construct Water Chann-l
I Mdd Water
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TAFIIr 2.* Al.TV!!,AT~vr I'T"FFP ir'. SYSTfl' (Ceintj nue1)

2 Use' Wc.l Points in/h' low 1Fmhan)l.mw!r~t
3 !F e 11I Points in TYnhankr~ent

4 Ilse iWJll Points in La-qoon
5 701 Watc'r Continuouisly or Inf(oasihlp
6 Linv Po'rimetter
7 i eR(-air/Construction

lAzzTC 7r1'T'rtlr'71 71"'T - Sixth Ojcijt ( Fjcuir 11tl

yx.-.( Or~tor n v ct., r

xxi ('ren S'.''t-'rr, HIc iinc Prmiired

xx2 Opon Systpmr, (The.IMiCAI Froed
xx 3 nOron Systý.n, C(Thencjla Ffoodr an(! roactor

xx4 O;:*nt Sv.st~ri, Cho.ric~l 14e, Vkildinq and PThactor
xx5 Cl nsedl Sv,;tomr, Cov'-r ;'pqui rý-r

YY7 (-11.'' Cys '.-ri ca I ;*e~.

xx: Cl os-: Sys~ t'rn, Clierni iA FXc~t, fb and nqandtFcr to

POST 5TTTT7ATI'M VT - Stovonth Dilit (Fiqlurp lil)

xxx-xxxO T~i reot Fi c-)irqt, (to i;, other traijns)
1 t-l~tra Ii 7AtiOfl
2 Reciovrv/C-oncpntration

3 Solii/Tiqu~idý So'paration
4 qo 1 i4/I i quil Sraration. with 1:,'utralizaticn
5 Solid/Tdouiri Sýr>aratinm with, RF.covery/Concpntration
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pathways are provided. The first, intended for all biological and chemical

processes (excluding gamma irradiation), includes enhancement by means of

heat addition or increasing the solubilities of the explosives. The second

pathway, intended for all thermal processes and gamma irradiation, concerns

the use of hydraulic classification and the addition of waste solvents/oils

for process enchancement. The second digit of the 7-digit identification

number is assigned at the bottom of the logic diagram.

Feasible Contacting Schemes

The logic diagram, shown in Figure 15 identifies which of the three

available contacting schemes (solid phase; liquid/lagoon; liquid/-

sidestream) are feasible for a given set of lagoon characteristics. The

conversion processes that were identified previously as applicable are

matched with the feasible contacting schemes. If more than one contacting

method is feasible and available for the proposed conversion process, then

all will be considered in turn. Table 3 lists the available contacting

schemes for each conversion process. The third digit of the identification

number is assigned to the selected contacting method.

Initial Materials Handling

The initial materials handling logic diagram is shown in Figure 16.

This diagram defines the operation required to implement the selected

contacting scheme. When expedient, secondary materials handling operations

such as air suspension or chemical addition are included with the initial

materials handling operation. The fourth digit of the 7-digit

identification number is assigned by this diagram.

Water Control

Water control measures include all of the water containment and

control operations necessary to prepare the lagoon for the selected initial

materials handling process. Water control measures may include lagoon

draining, dike construction, and perimeter lining. The fifth digit of the

7-digit identification number is assigned as indicated in Figure 17.
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Basic Treatment Train

The basic treatment train logic diagram, shown in Figure 18, defines

the treatment equipment (reactors, chemical addition, etc.) required for

desensitization to take place in a selected conversion process. Excluded

from this step is the consideration of equipment for materials handling or

for treatment of desensitized wastes. The sixth digit of the 7-digit

". Idntificatko number is assigned as s • t1.. . -

Post-Desensitiatn.... = ,.,

This logic diagram, shown in Figure 19, identifies the

post-desensitization treatment (PDT) options. These include solid/liquid

separation, neutralization, concentration/recovery, and discharge. The

final digit of the 7-digit identification number is assigned by this logic

diagram.

INITIAL MATERIALS HANDLING

The types of contacting schemes which are applicable to a proposed

conversion process are identified in Table 3. The initial materials

handling (IMH) procedures for implementing each contacting scheme can be

classified as: insitu injection/recovery, insitu hydraulic resuspension

and hydraulic excavation. The details of the proposed IMH processes are

contained in Chapter 3 and Volume Two. A brief summation of these

processes is presented below, and a summary of equipment requirements is

presented in Table 4.

Insitu Injection/Recovery

With insitu injection/recovery, desensitization chemicals are applied

to the lagoon sediment by a combination of well-point injection and surface

flooding. Chemicals are withdrawn from the bottom of the sediment via

extraction well points. Alternatively, a distribution piping system can be

installed in the lagoon bed. Both the extracted and chemical makeup

solutions can be recirculated until desensitization is achieved.
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Insitu Hydraulic Resuspension

Lagoon sediment is placed in suspension using a platform-mounted

hydraulic cutting jet or dredging. If required, the suspension can be

maintained by means of an air suspension (and mixing) system placed in the

lagoon bottom to avert resettling of sediments. Either desensitization

chemicals or water can be used as the medium for transferring energy to the

suspension. The volume of liquid added to support the suspension is

dependent upon both the sediment characteristics and the proposed

conversion process.

Hydraulic Excavation

A Mudcat (Model SP 810) horizontal auger dredge or similar equipment

is used to excavate the sediment. Water (if required) is added to the

lagoon, and the dredge is lowered into the lagoon by a crane. The movement

of the dredge is controlled by a cable-winching arrangement (Chapter 3).

If desired, the dredge can be controlled remotely. An auger cage assembly

is used when tramp metals other than UXO are present or a lagoon liner is

in place.

DESENSITIZATION PROCESSING

The logic diagrams encompass the supporting secondary materials

handling and separation processes as well as the proposed conversion

processes and PDT methods. The number of available alternatives is greatly

increased if PDT is also considered. However, because this report is

directed to desensitization, only the basic alternatives will be evaluated.

The PDT alternatives that were noted are identified as optional processes

or equipment.

The complete descriptions of all the alternatives are presented in

Volume Two and are summarized in this section. All processing equipment

has been conceptualized to consider mobility, ease of assembly/disassembly,

and modular technology.
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Chemical Processes

The chemical desensitization processes are reduction, complexing-

hydrolysis, alkaline digestion and gamma irradiation. Alternatives for

each process are selected through the use of the logic diagrams. The

treatment trains indicated in the logic diagrams are summarized in Table 5

and illustrated in Figures 20 and 21. As shown, all chemical conversion

processes are followed by similar options for PDT. Wastewaters containing

desensitized sediments can be recycled directly in the same or an adjacent

lagoon, discharged to a nearby wastewater treatment plant or treated by a

separation and recovery process prior to reuse. Depending upon the

contacting scheme, desensitized wastes can also be separated into liquid/
and solid fractions for purposes of PDT.

Chemical Reduction

Desensitization by chemical reduction can be accomplished using any of

the three contacting schemes. Since a large variety of chemicals can be

used as reductants, many chemical reduction alternatives can be defined.

Although the choice of reductant will influence equipment size and design,

the treatment trains of Table 5 are representative for most alternatives.

All alternatives assume a 5-percent solids concentration in the sediment

slurry. The basic alternative design and cost estimates were developed

using sodium sulfide, hydrazine or formic acid as the reductant. Cost

estimates for neutralization were based upon sodium sulfide.

Complexing-Hydrolysis

Desensitization by means of complexing-.iydrolysis is performed in the

liquid phase either insitu or as a sidestream in an adjacent vessel.

Duoquad T-50 is the amino surfactant selected for the complexing of TNT and

sodium hydroxide is used to adjust the pH of the sediment slurry.

Desensitized effluent from the basic alternative can either be separated

into liquid and solid fractions and/or neutralized prior to discharge. A

concentration/recovery option was not cost-estimated in the comparative

assessment of Chapter 5. A 5-percent solids concentration of surfactant is

assumed in all alternatives.
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FIGURE 20. ALTERNATIVES FOR CHEMICAL PROCESSES

CHEMICALR.4EE.,SO

-SLI PHS

4.. REUSE

::iEmc11-L SLURRY:NG RECVERY

~~~~SOL D/L QUILO ~ .USS~

*AG Nm QJ ý '
-0 37HER SOL:OS

;AINS

LIQUID PHASE - LAGOON

iL.RRY :74G ~CV

70 S CNK 3/'E _ SCL2

'Z.~i.S~8 SO gL.USN S9

POST DESENSITIZATION ALTERNATIVES

::C"AGCw:c-El :2.7EN- ;:'. S:L.PS J 7-oER "IEA47ENT -'A7%S.

t ii

30LM 7E



~ 0 0 =

'F,

~ c"-

-U LJJ

- i : Lz - ; LioA -/

- U U -

U Lr-

w -i

CM-

I 6
u-I

>

LU'

uJ.
Un

Ei UI

o 1 9 J



-i e-, -.

(UNCLASSIVIED)

AD NU MBERA-' ----

LIMITATION CHANGES

(qpprAziýi4 1 6z ýli-om

FROM

Af OMORITY

~& byCair.~ K ~rrý !C 01;T-

(THIS PAlGE IS UNCLASSIFIED)
--4"1l l - i- i a A J





Alkaline Digestion

Desensitization by alkaline digestion is to be applicable only for

nitrocellulose wastes. Either sodium hydroxide or ammonium hydroxide can

be used for the digestion. If sodium hydroxide is used, the digestion can

be accomplished insitu in the liquid phase or in an adjacent sidestream

reactor. If ammonium hydroxide is used, the digesticn must be performed in

an adjacent sidestream reactor. An elevated temperature is assumed to be

required to minimize volume for digestions performed in the sidestream

reactor and it is assumed that insitu digestion can be performed at ambient

temperature. If feasible, the sediment is excavated and treated with a

minimum of dilution. Desensitized effluent from the basic alternative can

be separated into liquid and solid fractions and/or neutralized prior to

discharge.

Gamma Irradiation

Desensitization by gamma irradiation is performed in an adjacent

sidestream reactor. If feasible, the lagoon sediment is excavated with a

minimum of dilution and pretreated by chemical addition. Depending upon

the character of the lagoon, it may be necessary to slurry the sediment

prior to excavation. Solid-liquid separation is then provided for

pretreatment; the desensitized slurry can be neutralized or discharged

directly.

Thermal Processes

The thermal desensitization processes are incineration and wet-air

oxidation. The basic alternative for both processes should result in a

higher degree of treatment than should be attainable with the chemical or

biological conversion processes. In this regard, incineration is indicated

as the baseline method against which all other methods are to be compared.

The treatment trains defined from use of the logic diagrams are listed in

Table 5, illustrated in Figure 22 and discussed below.
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FIGURE 22. ALTERNATIVES FOR THERMAL PROCESSES
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Incineration

The lagoon sediment is excavated with a minimum of dilution (or none

if feasible) and transferred to a holding tank/lagoon. Hydraulic

classification or dewatering can be provided-prior to incineration. The

wastewater effluent from the solids-liquid separation can be neutralized or

discharged directly. If available, waste oil or solvent can be used to

satisfy supplemental fuel requirements so long as regulations for

combustion of the materials are met.

Wet-air Oxidation

Desensitization by the wet-air oxidation process is done in the liquid

phase in a sidestream reactor. The lagoon sediment is assumed to be

diluted to a 5-percent solids concentration and treated by chemical

addition prior to oxidation. The desensitized slurry can be neutralized

prior to discharge.

Biological Processes

The biological desensitization processes are aerobic and anaerobic

digestion. The treatment trains defined by the logic diagram are

summarized in Table 5 and shown in Figure 23. The treitment trains are

essentially the same for both processes; domestic se-iage sludge is assumed

to be used as a carbon, nutrient and alkalinity source.

Aerobic Treatment

Desensitization by aerobic biological treatment can be provided only

in the liquid phase, either insitu in batch mode or in an adjacent

reactor(s) in a batch or continuous flow mode. This process is only

appl'cable for the desensitization of TNT, and it is further assumed that

the biotransformation occurs only on the soluble TNT fraction. Toxic

metals, if present, are removed by sulfide precipitation. The lagoon

sediment is diluted to a 5-pcrcent solids concentration and the appropriate
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FIGURE 23. ALTERNATIVES FOR BIOLOGICAL PROCESSES
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nutrients, seed culture and buffer solutions are added prior to treatment.

The slurry is then mixed and aerated until deqensitization is achieved.

Heat addition, if cost effective, increases reaction rates thereby reducing

detention time and reactor volume. Heat addition is assumed for the

continuous sidestream reactor system. The desensitized slurry can be

discharged, decanted and stabilized or treated by solid-liquid separation

prior to discharge.

Anaerobic Treatment

Desensitization by anaerobic biological treatment can also be provided

in the liquid phase, either insitu in batch mode or in an adjacent

reactor(s) in batch or continuous mode. Equipment requirements are the

same as for the aerobic process with the exception of the aeration system.

Heat addition is assumed for the continuous sidestream reactor system.

Resuspension of the sediment is accom;plished on an intermittent basis by a

modified dredge. The dredge intake and discharge are positioned below the

water surface to minimize surface disturbance. Because the dredge is

floated on the surface, a lagoon cover is infeasible. Nonetheless,

anaerobic conditions analogous to those attained in facultative (anaerobic)

ponds are assumed Lo prevail. The post-desensitization options are the

same as for the aerobic process.
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CHAPTER 5

COST ESTIMATES

The preceding chapter illustrates the combinations of initial

materials handling, conversion, secondary materials handling and

post-desensitization treatment processes and operations that can be

defined. Conceivably there are a multitude of feasible alternatives for

each specific lagoon - a circumstance that would allow considerable

flexibility in selecting a preferred approach. However, of the many

factors that would dictate a preferred choice, cost is among the more

important.

The alternatives as described in Chapter 4 are characterized to a very

preliminary stage. With continued development and the aid of a computer

program, cost estimates could be developed for each alternative applied to

each lagoon situation and then a computerized search conducted to define

the least-cost alternative(s) for each lagoon. From this benchmark, a

least-cost strategy, i.e., combination of alternatives, could be defined by

computer search for each installation and ultimately for the defense

establishment. Such an analysis could be accompanied by the capability to

estimate equipment and personnel requirements and deployment, and local and

system-wide costs for complcte systems tailored to the needs of each lagoon

and installation.

Although such an inquiry cannot be made at this time, and perhaps not

for another year or two, the results of the preceding chapter can be

combined with unit cost parameters to develop preliminary estimates of

costs for each type of desensitization process. This approach has been

used to develop cost estimates for alternatives representing each

conversion process, the applicable contact±ng schemes for each conversion

process, and a representative post desensitization treatment option.

The cost parameters were developed on a unit process basis to

facilitate the compilation of cost estimates. Modular technology was

assumed to allow the mobility and flexibility required for repeated
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transportation, assembly and disassembly at the various lagoon locations.

This approach also allows the addition or deletion of units as required by

variations in lagoon size. Whenever possible, modular units were sized for

transportation on standard truck trailers.

The cost estimates in this chapter were developed to be used in

conjunction with the other performance measures for evaluation of the

various alternatives in Chapter 6. The cost estimates reflect the

constraints and limitations previously outlined and are, at best, only

relative indications of cost for the various desensitization alternatives.

Extensive developmental work will be required before the cost estimates can

be improved, particularly with respect to the costs of safety procedures

and environmental permits attendant to any installation.

CASE EXAMPLES

In order to provide a setting for the application of the technologies

and development of cost estimates, eight representative lagoon case

examples were defined using available characterization data (ESE, 1982).

The design basis and cost estimates that follow later in this chapter were

based upon a "standard" lagoon scenario whenever possible because it was

not expedient (or necessary) to examine all alternatives for purposes of

this study. This standard lagoon is designated as "Case One" below. The

effects of all of the selected case examples on cost and the other

performance measures are compared and contrasted in Chapter 6.

The eight lagoon case examples are summarized in Table 6 and described

below.

Case One

Case One has the following assumed characteristics:

"o Size: 100 feet x 150 feet x 9 feet depth

"o Depth of sediment: 1 foot

"o Sediment moisture content: 50 percent
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o Volume of sediment: 15,000 ft 3

o Dry weight of sediment: 600 tons

o Explosives content of sediment (dry weight basis):

10% TNT; 5% RDX

o Soil/sediment type, sand and gravel

o Dry lagoon

o Tramp metal and unexploded ordnance (UXO) are not present

o Wastewater treatment plant available

o Intact lagoon liner

Additional assumptions are that the lagoon does not require diking or other

water control measures, is accessible by truck, only one ?agoon is present

at the site and water, electricity and steam are available within a

reasonable distance or can be provided.

Case Two

Case Two is identical to Case One with the exception that the explo-

sives content of the sediment (dry weight basis) is assumed to be 1% TNT

and 0.5% RDX.

Case Three

Case Three is identical to Case One with the exception that the lagoon

is unlined and that a high water table is present.

Case Fcur

Case Four is identicAl to Case One with the exception that the soil

and sediments have a high clay content.

Case Five

Case Five is identical to Case One with the exception that heavy

metals are present and a sediment dilution of 5 to 10% is required for

hydraulic excavdtion.
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Case Six

Case Six consists of a lagoon that is assumed to be 10-fold larger

than used in Case One. TNT and RDX are present at a dry weight content of

one percent and 0.5 percent respectively. All other characteristics are

identical to those assumed for Case One.

Case Seven

Case Seven consists of a lagoon which has been dedicated to the

disposal of nitrocellulose processing wastewaters. The nitrocellulose

content in the sediment is six percent on a dry weight basis. Phthalates

(used for gelatinizing) are also assumed to be present, but no other

explosives or propellants are in the sediment. All other characteristics

are identical to those for Case One.

Case Eight

Case Eight is identical to Case One with the exception that only TNT

(and not RDX) is assumed to he present in the lagoon.

BASIS OF ESTIMATES

Capital Costs

Unit capital costs and a complete design basis a~e presented in Volume

Two for all equipment required for initial materials handling, secondary

mateLials handling, separation and conversion processes. Equipment capital

costs are based upon vendor quotations or normal estimating procedures.

All costs were adjusted to a December 1982 basis. Costs were calculated on

a per-lagoon basis by estimating the number of lagoons that could be

treated during the life of the equipment using the lagoon size and volume

as defined above for Case One. The number of lagoons that can be treated

per year was estimated at eleven, unless otherwise determined by the nature

of the conversion process. Estimates of useful life for equipment items

were based upon vendor information or standard estimating procedures.
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Each unit cost includes allowances for instrumentation, wiring, piping

and valving. Allowances for such were either based upon a percentage of

the capital cost that was determined by the type and complexity of the unit

or on individual cost estimates.

In providing these cost estimates, an effort was made to furnish a

realistic and representative estimate for implementation of the

desensitization a'ternatives. However, there are specific site and

indirect costs which are not generalized. These costs include:

"o Environmental permit at all governmental levels

"o Spare parts and backup equipment

"o Freight and transportation charges

"o Yard improvements (site clearing, roadways, etc.)

"o Service facilities, steam, cooling water

"o Operating personnel, travel and living cixpelses

"o Construction financing

"o Insurance and taxes

A 15-percent contingency was included for all alternatives. Site

preparation, installation and ,.;sembly costs, normally treated as first

cost components, werE assumed to be operating costs due to the changing

locational nature of the operation.

Operating Costs

Operating costs were estimated for each alternative on a per-lagoon

basis. Costs were also estimated on a unit process basis whenever

possible. Unit operating costs and a complete design basis for each

alternative are included in Volume Two. All costs were adjusted to a

December 1982 basis. Maintenance and installation (site preparation and

assembly) were based upon either a percentage of capital cost determined by

the type and complexity of the unit or upon an individual cost estimate.

Labor costs were determined by the amount of time required to mobilize,

implement and demobilize the system at a lagoon. The burdened salary basis

(includes overhead) for estimation of labor costs varied from $20/hour for
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a mechanic to $44/hour for a supervisor. Electricaj power costs were

estimated for the installed horsecow*r in each system, assuming a

60-percent efficiency and electricity costs at $0.08/kwh.

With the exception of the sidestream biological alternatives, utility

costs were estimated at $0.06/1000 gallons of cooling water and $0.80/1000

pounds of saturated steam at atmospheric pressure. These estimates were

obtained from standard costing information (Peters and Timmerhaus, 1980).

The availability of these utilities at the lagoon is unknown; however, it

turned out that the cost of these items for most alternatives is small in

comparison to other operating costs. If necessar7, electricity c~n be

substituted for steam and cooling water can be pumpad to the lagoon.

In the case of the sidestream biological alternatives, large amounts

of heat are required; therefore, the estimates of heating costs are

critical to the evaluation of these alternatives. Of the available heat

addition methods, the use of low pressure steam from portable gas-fired

generators was chosen for cost estimation. It was assumed that one

generator is supplied with each reactor, however, in most situations a

single generator would be used to supply all reactors.

Chemical dosages are based upon data obtained during the literature

search and site survey or estimated on a theoretica;l basis. Actual

chemical requirements may differ significantly and must be determined by

laboratory/pilot testing. Chemical dosage assumptions are included in the

design basis for each alternative. In cases where more than one chemical

may be used, representative chemi ls were costed. Chemical costs were

obtained from the Chemical Marketing Reporter (January 3, 1983) or through

vendor quotations.

COST ESTIMATES

The capital and operating cczt estimates are developed on a line item,

per-lagoon basis and presented in Tables 7 to 18. The chemical costs 'ised

to develop the operating cost estimates are presented in Table 19. A

summary of capital and operating costs for all the situations evaluated is
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presented in Table 20. The costs of incineration were updated from the ARC

report (1982). Althiough incineration is the baseline alternative, all

costs are ranked by comparison to each other, not to incineration (Chapter

6).

The estimates developed pertain primarily to Case One and are

presented as follows:

Table Technology Case

7 Solid phase chemical reduction One

8 Liquid/lagoon chemical reduction One

9 Liquid/sidestre'm chemical reduction One

10 Liquid/lagoon complexing-hydrolysis One

11 Liquid/sidestream complexing-hydrolysis One

12 Liquid/lagoon alkaline digestion Seven

13 Liquid/sidestream alkaline digestion Seven

14 Liquid/sidestream gamma irradiation One

15 Liquid/sidestream incineration One

16 Liquid/sidestream wet-air oxidation One

17 All aerobic biological Eight

18 All anaerobic biological One

Capital Costs

The capital cost estimates are summarized ia Table 20. It is apparent

from this summary that the solid phase contacting method is 7 to 50-fold

more costly than either the liquid/lagoon or liquid/sidestream method. As

is evident from inspection of Table 7, that the well injection system is an

extremely costly element in the solid phase contacting method. However, in

some cases the benefits of not having to disturb the soil/sediment may more

than offset the cost.

The capital costs of the liquid/sidestream thermophillic biological

treatment alternatives vary from $288,300 to $419,000 per lagoon and are 6

to 9-fold greater than those for the ambient temperature liquid/lagoon
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biological treatment alternatives. The reason for these differentials is

the cost of fuel (propane) for heat addition and the number of reactors

(10) required for cldestream treatment; the number of reactors is dependent

upon reaction rates that were estimated conservatively (Volume Two) in the

absence of definitive inf-rmation.

The major element in the $130,000-per-lagoon cost of the wet air

oxidation system is the unit itself. In comparison, the capital costs for

the various chemical-based conversion or complexing systems are in the

range of $25,000 to $32,000 per lagoon.

The capita2 costs for materials handling vary in magnitude from

$14,000 to $24,000 for the liquid/lagoon and liquid/sidestream methods.

These costs, viewed as nominal in magnitude, are very dependrnt on the

costs of safety procedures that will be required after field studies are

conducted.

Operating Costs

Operating costs are presented in Tables 7 to 18 and summarized in

Table 20. From review of these, it is evident that the greatest cost

($422,000 per lagoon) is associated with the solid phase chemical reduction

method of desensitization. As a general trend, the least operating costs

are associated with the lagoon biological methods and with alkaline

digestion ($21,000 per lagoon); these costs increase to $60,000 to $80,000

per lagoon for incineration and complexing hydrolysis methods and to

$100,000 or more for wet-air oxidation and chemical reduction. Operating

costs for the sidestream biological alternatives are on the order of

$200,000 per lagoon due to the cost of heat needed to maintain the

temperature in the thermophilic range.

Total Costs

The total per-lagoon cost estimates presented in Table 20 vary from

$1.5 million for solid phase chemical reduction, $288,000 to $419,000 for

the sidestream biological conversion processes, $230,000 for wet-air oxi-
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dation and $120,000 to $140,000 for liquid phase chemical reduction to as

little as $40,000 to $56,000 for liquid-lagoon biological treatment,

alkaline digestion and gamma irradiation. It is apparent from these

comparisons that the latter approaches (biological treatment, alkaline

digestion and gamma irradiation) are most attractive from the cost basis

used in this report.

DISCUSSION

The preceding analysis represents a first-pass assessment of the

relative costs of desensitization. It is evident from the analysis that

there is significant differentiation among the alternatives even at this

level of analysis. It is also evident that developmental studies are

required before a substantive preliminary engineering analysis can be made

for each of the alternatives. It is probable that such studies will modify

the relative ranking of the various alternatives but not change

significantly the overall outcome. Nonetheless, the dollar cost estimates

developed at each step should be used to establish priorities for the next

level of development.

The results of the preceding cost analysis are weighty evidence that

the greatest cost impact from developmental research will be in the

following areas:

o Conduct of bench-scale studies to define the kinetic (rate)

characteristics, as applicable, for the biological and chemical

conversions of TNT, RDX, HMX and nitrocellulose.

o Design of field-scale tests to confirm the efficacy of the

proposed water control and contacting methods for liquid/lagoon

(i.e., insitu) desensitization.

o Developmental studies to conceptualize and design on a

preliminary basis the safety procedures attendant to insitu

desensitization

Additional discussion leading to specific recommendations is presented

after the evaluations of Chapter 6.
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CHAPTER 6

EVALUATION OF ALTERNATIVES

The desensitization alternatives are evaluated and rated. in this

chapter by comparison for favorable, moderate, or unfavorable impact

relative to each of the performance measures defined in Chapter 2. In the

majority of the alternatives the standard (Case One) lagoon scenario was

used for the design basis, except where the inflexibility of a process

necessitated Jhe utilization of another case. The applicable alternatives

are rank-ordered; the efficacy of the alternative for each of the other

lagoon scenarios is then assessed, and the alternatives rank-ordered on the

basis of indicated feasibility.

PERFORMANCE MEASURES

Each proposed performance measure was defined in Chapter 2 and is

defined further below.

Cost

Estimated capital and operating costs for each alternative were

tabulated and evaluated by comparison. The following ranges were used for

the ranking:

Ranking Total Cost

Favorable $ 37,000 - $ 60,000

Moderate $ 61,000 - $ 199,000

Unfavorable $200,000 - $1,500,000

Flexibility

Flexibility is used to indicate how many of the explosives of concern

can be desensitized by the alternative. The following ranking was

applied:
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Ranking Applicable Explosives

Favorable All

Moderate Most, more than two

Unfavorable One to two

State-of-the-Art

This is a measure of the development status of the alternative. The

technology exists for all the alternatives although in most cases it must

be adopted and modified from another application. The term "technology" in

this sense refers broadly to equipment or methods including those based

upon chemical dosages or chemical/biological rates. The following criteria

was used to evaluate state-of-the-art.

Ranking Criteria

Favorable Technology is proven in similar

applications, on-line or in pilotý

studies. The least amount of

developmental work is required.

Moderate Technology is proven in other

applications; a large amount of

laboratory studies and some pilot studies

have been performed. Some development

work required (laboratory, pilot and

field).

Unfavorable Technology is on a theoretical basis or

demonstrated by few laboratory scale

studies. A large amount of laboratory,

pilot and field scale development is

required.
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Degree of Desensitization

This performance measure is difficult to evaluate inasmuch as a working

def'nition of "desensitization" remains to be developed. It was,

therefore, conservatively assumed that alternatives which totally transform

or cleave the molecular structure of the explosive accomplish a high

degree of desensitization. Those which desensitize by converting or

substituting the nitro groups achieve a lower degree of desensitization,

inasmuch the extent of the conversion or substitution (number of nitro

groups affected) is difficult to measure.

The following rankings were used:

Ranking Criteria

Favorable Explosive molecule is cleaved or totally

transformed

Moderate One or all nitro groups on explosive

molecule are converted or substituted.

Unfavorable Same basis as the moderate ranking except

that the degree of contacting proviled by

the alternative will most likely be

insufficient for all molecules to react

Overall, many explosive molecules will

remain unaffected.

Implementation Time

This is a measure of the overall time requirement for the implemen-

tation of the alternative. Implementation time is equal to the sum of

mobilization (transportation, assembly, start-up), processing, and de-

mobilization (shut-down, disassembly) times. The following criteria were

used to evaluate implementation time.
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Ranking Criteria

Unfavorable Technology which requires special

handling (transportation and assembly)

procedures and a large amount of site

preparation. Also includes desensi-

tization done at a relatively slow rate.

Moderate Alternatives in which desensitization

occurs in a continuous sidestream at

moderate processing rates.

Favorable Alternatives performed in a lagoon or

sidestream at relatively fast processing

rates.

Complexity

Complexity is a subjective measure relating to operating and

maintenance requirements. The following criteria were used to evaluate

complexity.

Ranking Criteria

Unfavorable Technology which has a history of high

maintenance reqairements, excessive

downtime and requires a skilled operator

present at all times.

Moderate Technology which has a relatively large

amount of equipment (sidestream

processing) or a small amount of

equipment but a history of maintenance

problems.
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Favorable Technology requires a minimum amount of

equipment (insita lagoon) and operator

skill and attention.

Risk Acceptability

This is an aqgregate measure of safety hazards to personnel involved in

all the stages of implementation of the alternative. Safety hazards

include explosive potential, radiation, flammability, toxic fumes and toxic

reactants, products and byproducts. The following assumptions were made:

o The hazard of processing undiluted sediment is greater than the

hazard of processing diluted sediment.

o The use of radiation presents a potential personnel hazard

o The total hazard is increased by an increasing amount of equipment

and complexity of operation.

0 Alternatives which use toxic chemicals and generate toxic products

or byproducts increase the hazard potential.

Alternatives were evaluated by cumulating the number of hazard

opportunities in each processing step. Rankings were based upon the

following criteria:

Ranking Criteria

Favorable None of the assumed hazardous: conditions

apply.

Moderate One of the assumed hazardous conditions

apply.

Unfavorable More than one of the assumed hazardous

conditions apply.
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Disposability

Disposability is a measure of the environmental risk and impact of the

materials and processes used for desensitization combined with the risk and

impe.ct of the products and byproducts of desensitization. The form,

toxicity and mobility of the compounds are taken into consideration.

The following factors characterizing the form, mobility and toxicity

were used to evaluate this performance measure:

"o Possible contamination of surface or underground aquifers

(mobility).

"o Toxic air emissions (unless an enclosed reactor is used).

"o Toxicity of chemicals used to desensitize

"o Toxicity of products of desensitization

"o Toxicity of byproducts of desensitization

"o The requirement for post-desensitization treatment

The following criteria were used for ranking purposes:

Ranking Criteria

Favorable None or one of the above factors apply.

Moderate Two or three of the above factors only.

Unfavorable More than three of the above factors

apply.

EVALUATIONS

Evaluations for each desensitization alternative are presented in Table

21; comments on each evaluation are presented below:
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Chemical Reduction

The chemical reduction alternatives were found to be highly flexible;

however, a lack of available information on chemical requirements (i.e.,

limited and contradictory literature information) indicates that a high

degree of development is required (i.e., the state-of-the-art is

"unfavorable"). The degree of desensitization achieved is "moderate" for

the liquid phase alternatives and "unfavorable" for the solid phase due to

limitations on efficiencies with bulk contacting. As in most alternatives,

the implementation time is "favorable" for the insitu desensitization and

"moderate" for the continuous sidestream reactor. Extensive site

preparation effort for solid phase chemical reduction (an estimated

one-month period is requ .*ed) warranted an "unfavorable" rating for

implementation.

The risk acceptability and disposability measures are both dependent

upon the reductant used; the use of the sodium sulfide reductant should

result in toxic (hydrogen sulfide) emissions. The toxicity of the final

products and byproducts are also dependent upon the choice of reductant.

For these reasons two ratings ("unfavorable" and "moderate") were deemed to

be warranted (Table 21).

Complexing-Hydrolysis

Complexing-hydrolysis alternatives are applicable to all explosives

except nitrocellulose. This technology has been demonstrated on a pilot

scale, although not for lagoon sediments. The desensitized TNT-surfactant

complex is more toxic than either the TNT or surfactant itself; therefore,

the risk acceptability and disposability ratings were "moderate." The

combination of this toxicity and the additional equipment requirements for

continuous sidestream desensitization (with attendant additional iazard)

was the basis for a "unfavorable" risk rating for this alternative.

Alkaline Digestion

The cost of desensitization by alkaline digestion is rated as

"favorable" due to the relatively low cost of the chemicals and the
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requirement for minimal dilution of res spended lagoon sediment. The

implementation time and complexity of t~is alternative are rated as

"favorable" and "moderate," respectively, for both the liquid/lagoon and

sidestream alternatives. This is due to a relatively fast reaction rate

and a minimum of equipment required for processing. The toxicity of

products and byproducts is dependent upon the chemical used for the

digestion and reaction parameters; the formation of nitrous oxides and

cyanide is possible. The flexibility of these alternatives is

"unfavorable", that is, limited to nitrocellulose.

Gamma Irradiation

Gamma irradiation is ranked as being a "favorable" cost and flexibility

alternative for desensitization. This technology has been proven for

sludge disinfection in an on-line demonstration project and for the

desensitization of explosives in a laboratory study. Although a large

amount of site preparation and operator attention is anticipated, this

alternative is rated as "moderate" for both measures due to its high

processing rate and performance history. Also, the site can be prepared

prior to delivery of the unit. The combination of its capability for the

processing of resuspended sediments after minimal dilution and the presence

of radiation are reflected in a "unfavorable" risk rating. However,

desensitized material from gamma irradiation is anticipated to be highly

amenable to disposal.

Biological Treatment

Aerobic treatment is deemed to be inflexible because it is limited to

TNT whereas anaerobic treatment is moderately flexible, being applicable

for TNT, RDX and HMX but not for nitrocellulose. The cost of both types of

treatment is "favorable" for the insitu alternatives, but "unfavorable" for

the uidestream thermophilic alternatives. Both of these biological

treatment methods have it to be proven for sediment slurry/

desensitization; however, laboratory data are available for the anaerobic

decomposition of explosive wastewaters and pilot/operating data for the

aerobic treatment of TNT. Implementation time is "moderate" for aerobic

treatment (30-32 days) but "unfavorable" for anaerobic treatment (120-128

days) because of the rate constants assumed. Risk acceptability is greater
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for anaerobic treatment because toxic off-gases may be generated,

particularly if sodium sulfide addition is required to precipitate excess

heavy metals and the sidestream alternatives requiring more equipment are

deployed.

Incineration and Wet-Air Oxidation

Both of these alternatives are highly flexible, being applicable for

all explosives. Incineration has been proven for similar applications but

pilot testing on explosive-contaminated lagoon sediments remains to be

performed. Wet-air oxidation pilot studies have been conducted

successfully on propellent mixtures; both alternatives have a history of

high maintenance requirements. However, as the explosive molecule is

totally transformed, both alternatives were rated as achieving a

"favorable" degree of desensitization. Implementation time was ranked as

"moderate" for incineration (26 days to process the -ontents of the

standard lagoon used in the scenario, Appendix D) and "unfavorable" for

wet-air oxidation (a 50-day processing time with significant site

preparation work, Appendix D).

RANK-ORDERING

To further examine the desensitization technologies, the applicable

alternatives have been rank-ordered for each lagoon case example. The

rank-ordering was based upon a rating assigned for each and all of the

performance measures. All performance measures were treated equally with

no weighting factors applied, although this possibility is open for future

consideration. It should also be noted that the use of weighting factors

(i.e., cost, flexibility, etc.) would impact significantly on the ranking.

The process of rank-ordering was expedited by using a numerical system

to compile individual ratings. A numbering scale from I to . was used

wherein a "1" was assigned to the more preferable rating (e.g., favorable).

Scores were compiled in this manner for all measures and then added for

each alternative. These totals were then compared and rank-ordered from
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compared and rank-ordered from the lowest to the highest total. This

procedure was repeated for each case example; appropriate deletions or

additions were made for each alternative depending upon the impact of the

example scenario ipon the alternative.

The rank-ordering of alternatives was done to provide a general

comparison of the desensitization concepts and in many cases only a fine

distinction can be made. Rank-ordering can only be as definitive as the

design and cost basis of each alternative. Although the many assumptions

required for this evaluation may qualify the outcome, the results

nonetheless, provide a valuable basis for prioritizing further

developmental work.

Case One

The rank-ordering of the alternatives for Case One was based upon the

ratings shown in Table 21 and is presented in Table 22. Gamma irradiation

and in-lagoon chemical reduction are the higher-ranked alternatives while

in-lagoon complexing-hydrolysis and incineration are both rated equally.

Wet-air oxidation is ranked higher than the in-lagoon anaerobic biological

method. The remainder are all liquid/sidestream alternatives involving

chemical reduction and complexing-hydrolysis. The lowest ranked

alternatives are solid phase chemical reduction and liquid/sidestream

anaerobic biological treatment.

Alkaline digestion and the aerobic biological treatment alternatives

are not applicable to the Case one scenario.

Case Two

The only variation in Case Two from Case One is that the concentrations

of explosives are reduced by 90 percent. The predominant impact of this

change is a reduction in chemical requirements where applicable. The

individual impact on each alternative is presented in Table 23.
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The ratings shown in Table 21 were also used to rank-order the

alternatives for Case Two (and all subsequent cases). Modifications in the

individual ratings were made based upon the impact of the Case Two scenario

on the alternative. The reduced cost of chemicals was taken into account

by lowering the cost ratings for chemical reduction (lagoon and sidestream)

and for complexing-hydrolysis. The cost of solid-phase chemical reduction

was not sufficiently impacted to warrant changing; the same is true of the

other listed impacts with respect to gamma irradiation, incineration and

wet air oxidation.

The revised rank-order is shown in Table 24. The liquid/lagoon

chemical reduction alternative is indicated as highest-ranked, and

complexing-hydrolysis is ranked equally with gamma irradiation.

Case Three

In Case Three the lagoon liner is removed and a high water table

assumed. This variation is assumed to eliminate all of the insitu lagoon

alternatives due to the likelihood of groundwater contamination.

The major impacts on the individual alternatives are reported in Table

25. All the insitu lagoon and solid phase alternatives are eliminated and

holding tanks are required for the remaining alternatie3. It is assumed

that sediment will be excavated and stored at a minimum level of dilution

for all the alternativas. If required the sediment will be diluted as it

is transferred to the sidestream reactor. For this reason the cost of a

holding tank is the same for all alternatives and no modifications are

required relative to Case One.

The revised rank-order is shown in Table 26. As expected the ranking is

unaffected except for the elimination of the alternatives assumed to be

infeasible.

/

Case Four /

The only variation in Case/Four is that the soil/sediment is assumed to

have a high clay content with the ag=-d impacts that it is less permeable
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and requires a greater amount of dilution to be pumpable. The individual

impacts for each alternative are shown in Table 27. Solid phase chemical

reduction is assumed to be infeasible for this scenario. Larger volumes of

materials will have to be processed even in alternatives such as gamma

irradiation and incineration that can handle the higher sediment solids

concentrations. In the case of incineration, the cost ranking of Table 21

was increased to reflect the additional cost of supplemental fuel or of

providing a dewatering process. The cost of gamma irradiation is

unaffected because the processing rate can be increased and the required

dosage of gamma radiation will not be significantly affected by dilution of

the sediment.

The revised rank-ordering for the Case Four scenario is presented in

Table 28. The only change is that the expected added cost of incineration

results in its achieving an equal ranking to wet-air oxidation.

Case Five

Case Five differs from Case One by the presence of toxic heavy metals

and lagoon conditions which require high dilution of the sediments. It was

assumed that for dredging to be feasible, a dilution of sediments to 5 to

10% solids is required.

The individual impact on each alternative is presented in Table 29.

Only a minimal impact is anticipated on the chemical reduction and

anaerobic biological alternatives; the major impact will be upon

incineration. Hydraulic classification and dewatering of the lagoon slurry

will be required prior to incineration. The liquid fraction from this

separation will contain solubilized explosives requiring end-of-pipe

treatment. For these reasons the cost and risk acceptability ratings in

Table 21 were increased for the incineration alternative. Complexity and

disposability were not increased because these measures were already set at

the maximum ratings.

The overall processing time required for gamma irradiation may

increase; however, a large increase is also anticipated in the processing
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rate. It is therefore assumed that the increase in implementation time

does not warrant a rating modification.

The revised rank order is shown in Table 30 with incineration now

ranked below wet-air oxidation because of the greater dilution of sediment

assumedly required.

Case Six

Case Six consists of a lagoon that is 10-fold larger in volume than the

Case One scenario but has explosives concentrations 10-fold lower since the

total weight of explosives is equivalent in each scenario. The impacts of

the Case Six assumptions are presented in Table 31; the major impact for

all alternatives is an increased initial materials handling cost.

The major impact of the Case Six assumptions is on the sidestream

alternatives. Although the chemical requirements are unchanged for these

alternatives, a similar amount of retention time is necessary to ensure

contacting. Accordingly, the ratings of the chemical reduction and

complexing-hydrolysis alternatives for implementation time were increased.

The increased volume results in increases in supplemental fuel cost and

implementation time for incineration; therefore, the ratings of both of

these measures were increased. Gamma irradiation was unaffected since the

penetrating power of gamma radiation is unaffected by the presence of

additional solids.

The revised rank-ordering of alternatives for the Case Six scenario is

presented in Table 32. Incineration is again ranked lower than wet-air

oxidation.

Case Seven

In this scenario the only explosive assumed to be present in the

sediment is nitrocellulose. The major overall impact is that the total

weight of explosives to be desensitized is reduced; thus, most of the

chemical requirements are reduced.

144



TAPLE 30~. F:IE OF Ar.TEP?'ATivrq (CASE FI.VE)

ALT~r'!~T~vE CMITACTING MrITH(N)

1 Ca!ra~ IrrAdiaition Liquici /S i ot roam

1 crirel PP~luct ion Li auvi'/La coon

2 Copry qly!r si- Liciui r~/Laqoon

3 Wt~t-Air flxid,!tion Liquid/Sidestrearn

4 Atiamrohic rPio1cMýical LiuuiA/T-aqoor.
C,-rlical 1 e~itct ion liquiO/Sides tream

5 Comr~lexircy-JHydrolysis iuISesra

6 Ch.onical Reriucticn qojjid pha~

7 Anar-rol-ic Pijolouji1a IiIlli-1/SiieotrPi1m
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TAP? r 31. VIPACT CF CASr SIX OVh ALTrRIIATIVFS

A I T-,!r YA I COr:TACTIr(7 FIT"TvnD lAJOP IM4PACT

rl~ricai r,ý,iuctin-n ?oi has(, Cost increasp for more
wells

liquid/Lacioon Non(-

T.ipui:;/Si~estr'par Processino tin(, incroases

AlViline r~ia'stion All V/A

Ccr'~e>nc7'~ rlyss Iv~ii ~iSi- ~teanProceqsiflq ti T(C increases

;e-'iIrrnOi~jiFo~n to~iS'tn Processqinq rate increasf-

mncinrorat i-n Li su~~~-esra,~rr1Pnentd fuel

inc eases

Vet-Air rxilation Iiauii/Sicesqtrtear. Processing tire incrfeas~s

Aoroýýic Pin'Inical All N/A

;vi-ro~IC-Ii -1,i~- ~ ~ 1None
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TAPLE 32. flANKINOc OF ALTrr -ATIV-S (CAst' six)

AT r-.Tr CONTACTflx V M.IOD

I Carmma Irr,)latio nui/~esr

I Ch~rniCl1 F'e-imiftion Liouid/lAcqoon
2. COrn Poxi.,q fv'iroly~qi Liquiri/Iaqoon

3 W'-t-Air Cnxidation Li.dIuird/SIidpstrF-arr

5 Cbpriacl1 P-rilctjc- L~iaý, /SI'ý.qreRrn

F. Crn~l~:irq~pvro~ys rinuid/Sidpstro-.im
7 Chnic-,I1 Fr'l~ictjcnn Soul Ph
P Ana~rohic pio]jr-,rcu Ljimj i/S srr
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The individual impacts for each alternative are shown in Table 33. All

biological alternatives are infeasible for this scenario because

nitrocellulose requires chemical treatment as an initial decomposition

step. In addition all complexing-hydrolysis alternatives are also

infeasible. The cost of all chemical reduction alternatives is decreased;

therefore, the cost ratings of Table 21 for the lagoon and sidestream

contacting methods were decreased. The cost of solid phase chemical

reduction was not sufficiently reduced to warrant a rating modification.

No other impacti were deemed to be signficant.

The revised rank-order is shown in Table 34. Chemical reduction is

highest-ranked. Gamma irradiation and alkaline digestion (in the lagoon)

are next-ranked followed by sidestream alkaline digestion and incineration.

Sidestream chemical reduction and wet-air oxidation are the lowest ranked

alternatives.

Case Eight

This scenario is identical to Case One but with the deletion of RDX

from the lagoon. The total weight of explosives in the sediment is

therefore reduced and the individual impact on each alternative is

presented in Table 35. Aerobic biological treatment is feasible because

only TNT is present. The cost of chemical reduction alternatives is

paitially lowered but not enough to affect the cost rating. Likewise, none

of the other impacts affect the ratings of Table 21.

The revised rank order for the Case Eight example is presented in Table

36. The only modification to the Case One rank-order is that aerobic

biological treatment in the lagoon and in a sidestream are included and are

ranked as third and seventh respectively.
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TTMIr 33. PIP!ACT (f' CAFT Sr.Vr7. M: AtLTFFNA'rIvrs

,M "'~AIVTCO!'TACTI I'C r1!rTIID VAJOR IT1PACT

Ch~rlPprinctjon All rvwc-r chomical

rtequirene-nts and cost

Cor~t~exinc;-!vy-rolvsis All InfeasihIe

AlkalineFjr All F'easihl-,

Gamira Irra-!iat.nn Liquid/Sidf'strram In~crease rrocpssirnq rate

lnci neraticre Tinuiý!/Silotrc-am Sliaht incr.Ža5C in

supplernrnt f~
requi rc-~iemt

Wot-Air ()xiiition Liaui,/.VFdestr'~am' Ncne

Aorobic Pioloqical All lfail
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TAELF .1*RA~I~' OtAIT Tr'PATIVP'JS (C SEsVEN)

AT 71P*ArTrr' CrtVTACTI'"O 1f'T~rlfnt)

2 ýir'r'v lrraivaition Lqi/i~r

2 Alk : iliri Dii -~~*±Flloi Licini Q/T aqron

3 All-,.-ilinr, )i~y-o~tior, bui5i'~~tr.n

3 irnra~t irrn Liouic4./:$- !r-'t reoi

t - r' i~ !, ~i't i.f) Ti:i~/3 '-st r.ar

130



TAI3LF 35. IrPTACT OF CASF EIGHT (IN ALTFrRIATIVF-*!

A~i'PR7ATIVFCOfITACT'IN'( Pirnim~ M*AJO P IT~ACT

che,,j cai r(,iict ion All Lowvr chornical

rpqtiicrnemnts ancd
cost (Slir'htly)

Corpl~inq~vrJvri ll None

Alkalin-, Ui'Iesticmn All

Ca-i-,a lrra.-4iat~cr, 1iaui'I/Sidce5trrpam Sligfht increase in

procr5ssinq rate

Incineration Licui J/Sid.i!F-t ream Slight increAse in amount

of surfrlprf9ntal fuel

.':,t-Air nyxc4.Aticn L1icui/Sidcstrr~am None

A.~~rohi~A Ii~n~a Al easible

Pnaeprohic Jlnlo."iral All None
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TAPLr. 36. PATTING OF AiLTFS?:ATIvrs (CASFE IGHIT)

R'Y ALPTF'P\ATTVF CO?17ACTV'C~ M1FTVOD

1 7a-,ma Irradiation Liq;uvi/Si-iestream

1 ('horwi ca RePduct ion Ticuil./Taqoon

2 Compl'-Yino Hvdrolyqis Liquiei/T.Aqoon

2 Inrin'-r'tion Liquili/Laqoon

3 Aprof iT PiOlf-,-iCAl Limi.41/lacyoon

3 We-t-Air Oxilation Liquiid/Sidestrpain

4 Anaprohjc Pin~-inie-a1 T i n 13/I nonn

4 Chenical P'-inctjcn Liotiil-/Sidrptrpam

C; Ccr'plxinq Hyirolysiq Liquii!/Sirle.tr.ýarn

6 Chr-ic.il Rrhirtjon Solid Phase

7 *V'roý-h tlirilnqical Liqui-'/Sil:Itrf*'m

7 Anio.rnhic Tir-1 ,,rjical V~icuid/Si,'-trcoam
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CHAPTER 7

CONCLUSIONS AND RECOMMENDATIONS

This investigation was structured as an identification of

desensitization technologies, development of alternatives incorporating

these technologies and evaluation of the alternatives using selected

performance measures and incineration as a baseline technology. The

conclusions and recommendations presented in this chapter were influenced

in large part by the application of the selected measures.

CONCLUSIONS

The following conclusions were drawn from the evaluations presented in

this report:

(1) Gamma irradiation and the insitu chemical conversion alternatives

for reduction, complexing-hydrolysis and alkaline digestion were

consistently ranked higher than incineration, the baseline

desensitization alternative.

(2) Gamma irradiation is an attractive desensitization alternative

beause it was found to be low in cost and very flexible, i.e.,

minimally imFmcted in performance capability over wide ranges of

concentration of explosive and of the sediment matrix for the

explosives.

(3) Chemical reduction is a preferred method because it can he used in

conjunction with all the contacting methods and for all the

exploaives evaluated in this investigation.

(4) Chemical treatment (by means of reduction or complexing-

hydrolysis) is a promising method for sediments containing
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relatively low (one to 10 percent) concentrations of explosives,

because the performance of these processes is more dependent upon

the weight of explosives being desensitized than on the volume of

materials being processed.

(5) Incineration and wet-air oxidation are indicated to be more

cost-effective in the treatment of sediments with relatively high

explosive ccntents (greater than 10 percent); their

cost-efficiency diminishes with decreasing explosive content.

(6) Alkaline digestion may not be feasible in the presence of TNT;

therefore, the development of this process as a desensitization

technique for sediments containing nitrocellulose is warranted

only if enough lagoons containing this explosive but not TNT are

identified.

(7) Although biological alternatives for desensitization were

evaluated using all available data, these alternatives cannot be

compared reasonably with chemical and thermal methods until

treatability studies for determination of rate constants are

conducted.

(8) Solid phase desensitization is costly relative to liquid phase

methods but is applicable in cases where soil/sediments cannot be

disturbed.

(9) When a desensitization method is feasible using liquid phase

contacting in either tha lagoon or as a sidestream, the lagoon

(insitu) method is preferred because the handling, equipment

requirements, implementation time, and cost factors are generally

lower for insitu processing.

(10) of the undeveloped concepts, lagoon detonation and open burning

result in uncontrolled air emissionsi therefore, surfactant-oil

complexing may be appropriate if the final material can be

incinerated under controlled conditions.
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RECOMMENDATIONS

The evaluations presented in this report were developed using

information on technologies that in several cases was preliminary at best.

Nonetheless, it has become apparent as a result of these evaluations that:

(1) alternatives incorporating gamma irradiation and chemical

reduction are most promising;

(2) alternatives incorporating biological transformation may become

promising upon further elaboration of the kinetics, as opposed to

the mechanism, of desensitization; and

(3) alternatives incorporating surfactant/oil complexing,

iron-peroxide oxidizing solutions (Fenton's Reagent), and alkaline

digestion may become promising upon further elaboration of

specific mechanisms or constraints delimiting their current

acceptance.

Accordingly, the following bench-scale studies are recommended for the

development of baseline data in descending order of priority.

Gamma Irradiation Treatment

A series of bench-scale experiments are recommended to determine the

dosage of gamma radiation required to desensitize explosives. The initial

experiments should determine the dosage requirements for desensitizing dry

samples of varying concentrations of TNT, RDX and nitrocellulose enabling a

basic relationship to be established. Subsequent experiments should

determine the impact of moisture content (10-50 percent) temperature (20 to

60 0 C), and chemical solutions (Fenton's Reagent) on the basic dosage

requirement.

Chemical Reduction

Studies are recommended to identify specific chemical reductants,

cost-effective dosages and reaction conditions for explosive

desensitization. Initial experiments should continue the previous
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developmental work performed under Army contract. In particular, the

dosage and detention requirements of hydrazine, sodium sulfide and formic

acid should be determined for dese- 4 tizing TNT, RDX and nitrocellulose.

The effect of temperature, pH and organic solvents (solubility enhancement)

on reductant dosages should also be determined.

Alkaline Digestion

Bench-scale studies are recommended to determine the effect of alkaline

digestion on TNT (the literature indicated that a more sensitive compound

may be formed by the reaction of alkali and TNT). If this concept is

limited to desensitization of TNT, a decision on the justification of

further development of alkaline digestion is needed.

Fenton's Reagent/Oil-Surfactant Complexing

Bench-scale experiments are recommended for the purpose of determining

the feasibility of each concept. Initial experiments should determine the

dosage and detention requirements of each concept for desensitization

of TNT, RDX and nitrocellulose. Subsequent experiments should investigate

the use of Fenton's Reagent in combination with gamma irradiation and

oil-surfactant complexing for desensitizing of high concentrations of

explosives.

Anaerobic and Aerobic Biological Treatment

Bench-scale studies are recommended for the purpose of conducting

biological treatability studies to determine the rate constants for

biotransformation of explosives to &dsensitized end products. The aerobic

biotransformation rates of TNT and the anaerobic biotransformation rate of

TNT, RDX arid HMX should be defined over temperature ranges from 10 to 600C,

under nutrient-sufficient conditions, and for solutions saturated and

unsaturated with respect to each of these explosives.
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